
,/ DOT Exemption Application 

Cureton, Sandra J a O W  000355 

From: Shuler, James [James.Shuler@em.doe.gov] 

Sent: Wednesday, September 08,2004 1 1 :20 AM 

To: 'Sandra.Cureton@rspa.dot.gov' 

Cc: Steve Primeau (sprimeau@rampac.com) 
Subject: DOT Exemption Application 

Per your telephone request, I have amended our request below to add the information required. This 
info is shown in bold. 

ATTN: Exemptions, DHM-3 1 

Associate Administrator for Hazardous Materials Safety 

Research and Special Programs Administration 

U.S. Department of Transportation 

400 7th Street, SW 

Washington, DC 20590-0001 

Dear Associate Administrator: 

The U.S. Department of Energy requests an exemption from the requirements of 49 CFR 173.453(d) to 
permit the one-time, one-way shipment of certain IP- 1 drums containing low-enriched uranium oxide 
from the Savannah River Site to the Nevada Test Site by highway. Full details of our exemption 
request are included in the enclosed documents. Also enclosed is a copy of our Safety Evaluation 
Report detailing our independent review and evaluation of the Savannah River Site contractor's 
criticality safety analysis. 

F 

If you have any questions, please call Dr. James Shuler at 301-903-5513. 

Dr. James M. Shuler 

Health Physicist 

US. Department of Energy 

EM-24, CLV-108 1 

1000 Independence Ave., SW 

Washington, DC 20585 

. .  

I .  

9/8/2004 
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ATTN: Exemptions, DHM-3 1 
Associate Administrator for Hazardous Materials Safety 
Research and Special Programs Administration 
U.S. Department of Transportation 
400 7’ Street, SW 
Washington, D.C. 20590-0001 

Dear Associate Administrator: 

The US. Department of Energy requests an exemption from the requirements of 49 CFR 
173.453(d) to permit the one-time, one-way shipment of certain IP-1 drurns containing 
low-enriched uranium oxide from the Savannah River Site (SRS) to the Nevada Test Site. 
Full details of our exemption request are included in the enclosed documents. Also 
enclosed is a copy of our Safety Evaluation Report detailing our independent review and 
evaluation of the SRS contractor’s criticality safety analysis. 

If you have any questions, please call Dr. James Shuler at 301-903-5513. 

Sincerely, 

Environmental Cleanup and Acceleration 
Office of Environmental Management 

Enclosures 

cc wlo enclosure(s): 
Paul Golan, EM-1 
James Shuler, EM-24 
Jefiey Allison, DOE-SR 

Printed with soy ink on recycled paper @ 



Department of Energy 
Washington, DC 20585 

SAFETY EVALUATION REPORT 

Request for Exemption fiom the Department of Transportation Requirement 
for Low Enriched Uranium Shipments 

Docket 04- 10-0000 

INTRODUCTION 

The Department of Energy Savannah River Operations Office (DOE-SR) has submitted a request 
for exemption (Reference 1) from a Department of Transportation (DOT) requirement for low- 
enriched uranium oxide (LEUO) shipments in 227 of 382 fifty-five-gallon galvanized steel 
drums. The LEUO material in 155 of the drums meets the 49 CFR 173.403 definition of LSA-I1 
solid material with the 173.453(d) fissile materials exception; i.e., U-235 enrichment less than 
1%. The LEUO material in the remaining 227 drums has U-235 enrichment slightly above 1%, 
with the maximum being 1.084%. DOE is seeking relief from the 173.453(d) requirement that 
limits the U-235 enrichment to a maximum of 1%, specifically “Uranium enriched in U-235 to a 
maximum of one percent by weight” as stated in 49 CFR that will become effective on 
October 1,2004. The exemption is sought for the period-of-time required to ship the 227 drums 
from the Savannah River Site (SRS) to the Nevada Test Site. It has been estimated that the ship- 
ments will be completed within nine months from the time the exemption is granted. 

DOE-SR has considered options for shipment of this LEUO material with U-235 enrichment 
greater than 1 wt.% (but 51.084 wt.%), including developing a Type A fissile package, or 
mixing depleted uranium with LEUO to reduce the average U-235 enrichment in the drums. The 
cost and the additional radiological risk associated with these options, however, has been found 
difficult to justify, given the one-way, one-time-only shipment of the rather limited amount of 
the LEUO material. The continued indefinite storage of the material at the SRS is also contrary 
to the objective of a risk-managed accelerated cleanup. 

A request for exemption fiom the DOT requirement appears to be the only viable option, and the 
proposed alternative by DOE-SR is one that will strictly limit the total content mass (weight) in 
the corresponding number of drums in each conveyance so that criticality safety is ensured for 
the worst-case accident scenario; i.e., total breach of drums where LEUO forms an optimally 
moderated sphere .that is water reflected. Array analysis of drums has also been conducted to 
demonstrate criticality safety under normal conditions of transport (NCT) in accordance with the 
requirements in 10 CFR 71.59(a)(l). The criticality safety analyses performed by Westinghouse 
Savannah River Company (WSRC) are documented in Attachments 4 and 6 of Reference 2. 

Printed with soy ink on recycled paper @ 
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U-235 enrichment (wt%) 

Spherical safe mass (metric tons, MT) 

In its early interaction with DOE on the exemption request, DOT indicated that a separate, 
independent confimatory review of the criticality safety analyses of the LEUO shipments is to 
be conducted by the DOE Office of Licensing (EM-24). This Safety Evaluation Report contains 
EM-24’s technical evaluation of the approach and results of WSRC’s criticality safety analyses, 
which is described in the following sections of the report. 

0.99 1 .o 1.05 1.084 

17.1 14.5 7.5 5.25 

TECHNICAL EVALUATION 

Spherical safe mass values for the LEUO material 

For a given amount of fissile material, the most reactive configuration is one that achieves 
optimal moderation, minimizes leakage, and attains full reflection of neutrons emitted from the 
fissile material, e.g., U-235, for subsequent chain reactions. A U03/H20 mixture in spherical 
geometry with water surrounding the sphere is generally regarded as the most reactive 
configuration that can be achieved at a certain intermediate ratio (wu) of the moderator content 
in the mixture. 

Monte Carlo calculations were performed using the MCNP-4C code to obtain the safe spherical 
mass of LEUO and the results are given in Attachment 4 of Reference 2. MCNP-4C is a 
general-purpose Monte Carlo radiation transport code developed and maintained by Los Alamos 
National Laboratory and used widely by members of the criticality safety community. U03/H20 
mixtures in spherical geometry surrounded by 30-cm water were modeled in the MCNP 
calculations with the water content in the mixtures varying fiom 0 to 40 wt.% (to determine the 
optimum moderation), and with U-235 enrichments of 1.084, 1.05, 1 .O, and 0.99 wt.%. The 
criticality safety criterion used is a ksafe value of 0.948 such that the calculated bff + 20 &safe, 

where b~ is the effective neutron multiplication factor and 0 is the standard deviation associated 
with the statistical uncertainty of the MCNP-4C calculations. Table 1 below lists the values of 
the spherical safe mass thus obtained with optimum moderation and full reflection. 

Table 1 : MCNP4C calculated spherical safe mass for U03/H20 mixtures 
with optimum moderation and full reflection by water 

The spherical safe mass values of 7.5 and 5.25 metric tons in Table 1 are used to generate the 
conveyance loading plans for the LEUO drums listed in Attachment 1 of Reference 2. There are 
two groups of planned shipments. The drums listed in the Group 1 loading plan were selected 
with U-235 enrichments ranging from 0.987 to 1.036 wt.% that incorporated the 1.3% 
uncertainty in the enrichment measurements (Le., 1 .OO - 0.013 = 0.987 and 1.05 - 0.014 = 1.036, 
Attachment 2A, Reference 2). The drums listed in the Group 2 loading plan were selected with 
U-235 enrichments ranging from 1.037 to 1.084 wt.%. 
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There are seven shipments in Group 1 for drums of LEUO with U-235 enrichment less than 1.05 
wt.%. Each shipment in Group 1 contains fewer than or equal to 21 drums with a total mass of 
UO3 < 7.5 MT. There are six shipments in Group 2 for drums of LEUO with U-235 enrichment 
less than 1.08 wt.%. Each shipment in Group 2 contains either 15 or 14 drums with a total mass 
of U03 < 5.25 MT. The total UO3 mass in each conveyance shipment limits the amount of 
fissile material to a value below that of the spherical safe mass, with a margin of safe mass 
varying from at least 3.4% for any of the Group 1 shipments to at least 1.1% for any of the 
Group 2 shipments listed in Attachment 1 of Reference 2. 

EM-24 Evaluation - The spherical safe mass values in Table 1 for U03/H20 mixtures agree 
very well with the results of independent calculations documented in Reference 3 for U02-H20 
homogeneous mixtures; the extra oxygen atom in U03 is not expected to have any significant 
effect on the criticality calculations. The use of a criticality safety criterion, ksafe = 0.948, is 
slightly more conservative than the usual value of 0.95 with a safety margin of 5%. The 
assumption of a UO3/H2O mixture in spherical geometry with optimum moderation and full 
reflection is the most conservative case and, therefore, the limits placed on the number of LEUO 
drums in the shipment plan (Attachment 1 of Reference 2) should ensure criticality safety, even 
for the worst-case hypothetical accident. 

Criticality analvsis for arrays of UOs drums 

10 CFR 71.59 defines standards for arrays of fissile material packages that are applicable to the 
LEUO drums. Part (a) of 71.59 states “ ... the designer of a fissile material package shall derive a 
number N based on all of the following conditions being satisfied, assuming packages are 
stacked together in any arrangement and with close full reflection on all sides of the stack by 
water: 

(1) Five times N undamaged packages with nothing between the packages would be 
subcritical ; 

(2) Two times N damaged packages, if each package were subjected to the tests specified in 
$7 1.73 (Hypothetical accident conditions) would be subcritical with optimum interspersed 
hydrogeneous moderation; and 

(3) The value of N cannot be less than 0.5.” 

Criticality calculations were performed for arrays of U03 drums using the MCNP4C code and 
the details of the models and results are given in Attachment 6 of Reference 2. Based on the 
drum-loading plan described above, two 3-D array configurations were modeled, one with five 
rows of 24 drums in each row and arranged with a triangular pitch (4-56-54), for a total of 120 
drums; and the other a 5 x 5 x 5 square-pitch array for a total of 125 drums. The total number of 
drums in either configuration bounds the “5N” undamaged packages that vary from 80 to 105 
(i.e., 16 to 21 drums) in the LEUO Group 1 shipments and 70 to 75 @e., 14 or 15 drums) in the 
LEUO Group 2 shipments. 
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In all of the array calculations, each drum was modeled as a cylinder (55.88-cm ID x 83.82-cm 
internal height) with wall, top and bottom treated as 16-gauge (0.15 19-cm thickness) carbon 
steel. Each drum was assumed to contain 750 lb of UO3 with a maximum U-235 enrichment of 
1.084 wt.%, and with 3 to 24 wt.% H20. The fissile solution in each drum was modeled as a 
cylinder filling the internal radius of the drum; other parameters considered in the 3-D array 
models included the gap, i.e., surface-to-surface separation, between drums (0,2,4 cm), 
interstitial water density (0, 10,20, and 100 wt.%), and full reflection on all sides of the arrays 
by water. The criticality safety criterion, kff+ 20 &safe, where ksafe = 0.948 and kffand 0 are 
from the MCNP calculations for the arrays, is the same as that used for the determination of the 
spherical safe mass. 

Altogether 48 MCNP-4C cases were studied covering the stated parameter space. The two cases 
that have the highest values of kff(o) = 0.9161 (0.0005) and 0.9058 (0.0005) are, respectively, 
Problem #19 for a triangular-pitch array of 120 drums and Problem #37 for a square-pitch array 
of 125 drums, both with 18 wt.% H20 in the U03/€€20 mixture inside each drum, zero gap, and 
no interstitial moderation between drums. In both cases, the values of keff + 20 are less than ksafe 
= 0.948. 

EM-24 Evaluation - Highly conservative assumptions were employed in the MCNP4C 
calculations for arrays of drums that exceed the actual number of the LEUO drums in the 
shipment plan described in Attachment 1 of Reference 2. Even though water is not present 
inside an undamaged drum or outside between drums during normal conditions of transport, its 
presence was not only assumed, but also varied, along with other parameters (gap width and 
pitch) in the MCNP calculations to determine the most reactive configuration for the 3D array of 
the LEUO drums. The calculated kff + 20 for the most reactive array configuration is 0.91710, 
which is significantly less than ksafe = 0.948, thus ensuring criticality safety for the planned 
shipments of the LEUO drums under normal conditions of transport. EM-24 has performed 
independent MCNP calculations that confirmed the results for the most reactive, bounding 
configurations of the arrays shown in Table 2. 

With regard to the requirements in 10 CFR 71.59(a), it should be noted that the array analysis 
only applies to 5N “undamaged” packages (or drums) where N is either 24 or 25 for the 
triangular or square pitch arrays, respectively. The 2N “damaged” package is not invoked here 
because the worst case damaged configuration, i.e., U03/H20 mixture in spherical geometry with 
optimum moderation and full reflection, has already been assumed and analyzed to obtain the 
spherical safe mass for the LEUO shipments. Therefore, it is not necessary to perform criticality 
calculations for 2N “damaged” packages where N is either 24 or 25, which is greater than 0.5 in 
10 CFR 71.59(a)(3). 

The transport index (TI) for nuclear criticality control defined in 10 CFR 71.59(b), TI = S O N ,  
with N derived in the manner described in 10 CFR 71.59(a)(l), is TI = 2 for N = 25, and TI = 2.1 
for N = 24, which means the drums may be shipped by any carrier, and that the carrier provides 
adequate criticality control by limiting the sum of TI to 50 in a non-exclusive use vehicle, and to 



SER, Docket 04- 10-0000, Page 5 

Triangular pitch 

WSRC 

EM-24 

Sauare pitch 

WSRC 

EM-24 

100 in an exclusive use vehicle, according to 10 CFR 71.59(c). For a non-exclusive use vehicle, 
the sum of TI of 50 limits the number of packages (drums) in a conveyance to 25 or 24, which 
bounds the number of the LEUO drums in any of the shipments listed in Attachment 1, 
Reference 2. 

H20 Gap keff (4 keff + 20  
(mixture I interstitial, wt.%) (cm) 

(18 f 0) 0 0.9161 (0.0005) 0.91710 

(18 f 0) 0 0.91691 (0.00044) 0.91779 

(18 IO) 0 0.9058 (0.0005) 0.90680 

(18 IO) 0 0.90528 (0.00046) 0.90620 

Table 2: Comparison of results in the MCNP calculations for the most reactive, 
bounding configurations of arrays of drums 

CONCLUSION 

The basis for the exemption request is the number of excepted LEUO drums with uranium-235 
enrichments greater than 0.987 wt.% (1 % minus uncertainty) will be limited on each conveyance 
to ensure criticality safety. The safe spherical mass criticality analysis provided in Attachment 4 
of Reference 2 established the most conservative mass limits for the allowed number of the 
LEUO drums in the shipments listed in Attachment 1 of Reference 2. If the drums were 
subjected to the hypothetical accident conditions in 10 CFR Part 71 (drop and fire), it is 
anticipated that the drums would breach and the LEUO contents disperse, rather than 
conglomerate into a sphere with optimum moderation and full reflection. The calculations for 
arrays containing up to 120-125 drums of LEUO material that bound the number of drums in the 
conveyance-loading plan (Attachment 1, Reference 2) have also demonstrated criticality safety 
conservatively for the most reactive array configurations under NCT. These statements and 
conclusions are confirmed in EM-24’s independent confirmatory evaluation. 
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Prepared by: 

M. Shuler 
ealth Physicist, EM-24 

Approved by: 

Director, Licensing Office, EM-24 
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DOEF13258 

United States Government Department of Energy (DOE) 

memorandum 
DATE: 

REPLY TO 
AlTN OF: 

SUBJECT: 

T O  

Savannah River Operations Office (SR) 

AUG 0 5 2004 
NMPD (Dawn Gillas, (803) 208-3976) 

Request for Exemption fiom the Department of Transportation (DOT) Requirement for Low Enriched 
Uranium (LEU) Shipments 

Paul M. Golan, Acting Assistant Secretary for Environmental Management (EM-I), HQ 

The Savannah River Site (SRS) has the opportunity to dispose of 382 drums of low enriched uranium 
oxide (LEUO) as low level waste at the Nevada Test Site. When determining the packaging 
requirements for this material, SRS determined that 227 drums contain uranium enriched to a level 
slightly higher than is allowed by DOT for material to be shipped in an Industrial Package. The 49 CFR 
173.453 describes fissile material exceptions such that materials meeting these requirements are not 
required to be shipped in “fissile packages.” Paragraph (c) of this section applies to LEU with a 
maximum enrichment of one percent. The 227 drums slightly exceed this limit (including uncertainty) to 
a maximum of 1.084 percent, which would require these drums to be shipped in Type A Fissile packages. 
No such packages are available for this material form and development of a compliant package would be 
a multi-million dollar, multi-year project. Allowing the exemption would allow all of the drums to be 
dispositioned within nine months of granting the exemption and at a cost of less than $100K. 

The attached Exemption Request follows all of the requirements of 49 CFR 107.105, Application for 
Exemption, and details the reasons SRS feels this is a safe and appropriate action. To summarize the 
major reasons: 1) this is a one-way, one-time shipment of a very limited amount of material, 2) the 
criticality analysis shows equivalent safety by limiting the amount of material in each shipment, and 3) 
the cost and time necessary to develop and implement an approved package is prohibitive. The only 
other option that is currently available is continued storage for an indefinite period, which is contrary to 
risk-managed accelerated cleanup. 

We have communicated with your staff regarding the exemption request and have provided them with an 
advance copy of the nuclear criticality safety evaluation to support the justification. Please forward this 
request to the appropriate DOT office for approval. Two original request packages are attached since 
two originals are required to be submitted to DOT. 

If you have any questions, please contact me or have your staff contact Dawn Gillas at (803) 208-3976. 

NMPD:DLG:mag 

FC-04-074 

Attachment: 
Request for DOT Exemption 

cc w/o attach: 
I. Triay (EM-3), HQ 
Dae Y. Chung (EM-24), HQ 

Manager 

cc w/attach: 
J. Shuler (EM-24), HQ 



-Mh rhvr sile tS Westinghouse 
Savannah River Company 
Aiken, SC 29808 

July 20, 2004 

R.M. Cutshall, Transportation Manager 
Westinghouse Savannah River Company LLC 
Savannah River Site 
Building 706-N 
Aiken, S.C. 29808 
Phone: (803) 557-4617 

Associate Administrator for Hazardous Materials Safety 
Attn: Exemptions, DHM-31 
Research and Special Programs Administration 
U.S. Department of Transportation 
400 7~ Street, S.W. 
Washington, D.C. 20590-0001 

OB U-TRA-2004-00022 

UNCLASSI FlED 
DOES NO7 CONTAIN 

UNCUSSIFIED CONTROUEO 

REQUEST FOR DEPARTMENT OF TRANSPORTATION EXEMPTION 

Savannah River Site (SRS) currently has an inventory of legacy low enriched uranium oxide (LEUO) packaged in 
382 55-gallon galvanized steel (Excepted) drums. The material has been stored inside an SRS facility since 1982 
and is destined for shipment to the Nevada Test Site (one-time, campaign) for permanent disposal. The LEUO 
material in 155 of the drums meets the 173.403 definition of LSA-11 solid material with the 173.453(d) fissile 
materials exception (uranium-235 enrichment < 1%). The LEUO material in the remaining 227 drums has 
uranium-235 enrichments slightly above 1%; with the maximum being 1.084%. For each planned conveyance, a 
listing of the 227 drum ID numbers, corresponding uranium-235 enrichment, and UO, weight is given in 
Attachment 1. The uranium-235 enrichment values were determined by mass spectrometer measurements with 
an uncertainty of +/- 1.3% (or approximately 1.OOO +/- 0.013) as described in Attachment 2. 

SRS seeks relief from the 173.453(d) requirement that limits uranium-235 enrichment to a maximum of 1%; 
specifically, “Uranium enriched in U-235 to a maximum of 1 percent by weight” as stated in 49 CFR effective 
October 1,2004. The exemption is sought so that the fissile materials exemption will still apply to shipments of 
a total of 227 drums containing low enriched uranium oxide (LEUO). The shipments will be transported by 
highway. 

The consequence of not meeting the fissile materials exception for the 227 drums is that the packaging category 
increases from excepted package to Type A fissile. There is a limited number of approved Type A fissile 
package designs for materials other than non-irradiated fuel in the United States. WSRC reviewed certificates for 
the Type A fissile packages listed on RAMPAC and did not identify any viable options that could be readily 
used. WSRC also explored addinghiXing depleted uranium with the LEUO contents to reduce the enrichment 
below 1 %. WSRC determined that mixing operations involve considerable radiological risk and costs; and the 
capability does not currently exist to carry out the mixing. Since alternative packagings were not identified and 
the capability to modify contents does not exist at SRS, WSRC has concluded that seeking a DOT exemption is 
the only viable option. 

THE WSRC TEAM 
Westinghouse Savannah River Company LLC Bechtel Savannah River, lnc. - BNFL Savannah River Corporation 

BWXT Savannah River Company * CH2 Savannah River Company Polestar Savannah River Company 



Wes tinghouse 
Savannah River Company 
Aiken, SC 29808 

Proposed Alternative: WSRC will strictly limit the total content weight and corresponding number of drums in 
each conveyance so that criticality safety is ensured for a worst case accident scenario (total breach of drums 
where LEUO forms an optimally moderated sphere that is water reflected). Transport safety under normal 
conditions of transport is also demonstrated. The drums will be shipped from SRS to NTS for permanent 
disposal. When the 227 drums have been transported, there will be no additional shipments. 

The LEUO (UO,) is an oxide that is stable well above the 800°C fire conditions of 10 CFR 71 [see Attachment 31. 
A criticality evaluation of the safe spherical mass of LEUO was completed and is provided in Attachment 4. The 
criticality evaluation considered a ku, value of 0.948 and calculates kc, + 2 (T < k-,. For this evaluation, Q is 
defined as the statistical uncertainty associated with the MCNF’ 4C calculations. Based on the evaluation, the 
weight of LEUO determined to be safe under any conditions was determined to be 7.5 MT or 16,534 lbs for an * 

enrichment of 1.05% and 5.25 MT or 11,574 Ibs for an enrichment of 1.084%. The content weight in each 
conveyance will be limited to these conservative weight limits. Normal condition of transportation safety was 
demonstrated by considering an array of undamaged packages in accordance with 10 CFR 71.59. This criticality 
evaluation is provided in Attachment 6. The conveyance loading plans for all of the drums are given in 
Attachment 1. 

In Attachment 1, the drums listed in Group 1 loading plans were selected with U-235 wt% enrichments ranging 
from 0.987% to 1.036%. This considers the 1.3% uncertainty in the enrichment measurements (Le. 1.00 - 0.013 = 
0.987 and 1.05 - 0.014 = 1.036). The Group 2 loading plans were selected with enrichments from 1.037% to 
1.084%. 

The exemption is sought for the period of time required to ship the 227 drums from SRS to NTS. WSRC 
estimates the shipments will be completed within 9 months from the time the exemption is granted. 

The basis for the exemption request is that the number of excepted LEUO drums with uranium-235 enrichments 
greater than 0.987% (1% minus uncertainty) will be limited on each conveyance to ensure sub-criticality. The 
safe spherical mass criticality evaluation provided in Attachment 4 establishes worst case, conservative, mass 
limits for the allowed LEUO. The Attachment 4 mass limits are used to limit the number of drums in each 
conveyance. If the drums were subjected to the hypothetical accident conditions in 10 CFR 71 (drop and fire), it 
is anticipated that the drums would fail and the contents would be distributed. Since the safe spherical mass 
evaluation considers a worst case geometry, any conceivable accident configuration should be bounded. In 
reality the forces in an accident (30 foot drop onto unyielding surface) will tend to distribute the material (not 
form it into a sphere) making it safer from a criticality perspective. The 800°C fire has no adverse effect on the 
LEUO material. Normal condition transport containment and shielding are provided by the excepted packaging 
(per 173.427(b)(4)) for LSA-II material meeting the fissile materials exception of 173.453(d). Criticality safety 
under normal conditions of transport is demonstrated in Attachment 6 which considers an array of packages in 
accordance with 10 CFR 71.59 (a)(l). The calculations in Attachment 6 demonstrate that more than five times the 
number of packages planned for shipment in each conveyance is safe. At the completion of the shipping 
campaign, WSRC will have no further shipments of this LEUO material. 

The LEUO material meets the definition of LSA-II. Pending the approval of this exemption request, the shipping 
description of will be “RQ, Radioactive Material Low Specific Activity (LSA-II), 7, UN3321”. 

~ ~ 

THE WSRC TEAM 
Westinghouse Savannah River Company LLC - Bechtel Savannah River, Inc. - BNFL Savannah River Corporation 

BWXT Savannah River Company - C H ~  Savannah River Company - Polestar Savannah River Company 
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Westinghouse 
Savannah River Company 
Aiken, SC 29808 

The packaging is an excepted drum-type packaging meeting the requirements of 49 CFR 173.24, 173.24a, and 
173.410. The drum consists of a 16 gauge 55 gallon galvanized carbon steel drum with three rolling hoops, 16 
gauge removable lid, 12 gauge closure ring with 5/8" diameter bolt and nut with locking nut, and an elastomer 
gasket. A compliance summary given in Attachment 5 demonstrates packages meet IP-1 and excepted package 
requirements. 

WSRC is not aware of any shipping or incident experiences relative to this application. The LEUO contents and 
corresponding number of drums per conveyance will be limited so that there is no increased likelihood of 
criticality under normal or accident conditions during the shipments. Normal condition containment and 
shielding are provided by the excepted packaging which is DOT authorized for LSA-II materials. 

Westinghouse Savannah River Company appreciates your assistance with this request. 

Sincerely, 

R.M. Cutshall 
Transportation Manager 
Westinghouse Savannah River Company LLC 

Attachments : 

Attachment 1. Conveyance Loading Plan for LEUO (13 Tables of Loading Details, 13 pages). 

Attachment 2. Radiochemistrv Validation of LEUO (3 memos; "Sampling Plan for Low Enriched Uranium 
Trioxide", NMM-ETS-2002-00195, May 28, 2003 (8 pages); "Radiochemistry Data Validation for Low Enriched 
Uranium Oxide", OBU-SWO-2004-00007, March 25,2004 (9 pages); Memo D. R. Barton to D. C. Bonfer, 
March 17, 1986 (7 pages). 

Attachment 3. OccuDational Safetv and Health Guideline for Uranium and Insoluble Compounds (OSHA 
Guideline 16 pages). 

Attachment 4. Criticalitv Evaluation of Soherical Safe Mass Values for LEUO (Memo; "Spherical Safe Mass 
Values - Low Enriched U03", WSMS-CRT-04-0026, April 5,2004,6 pages). 

Attachment 5. IP-1 Comdiance Summarv and Closure Instructions ("LEUO 55 Gallon IP-1 Container", FSS-TS- 
2004-0003, January 7,2004 (14 pages); "Closing Instructions for 55 Gallon LEU Drum IP-1 Container", FSS-TS- 
2004-0004, January 7,2004 (1 page) 

Attachment 6. Arravs of U03 Drums (S.P. Gough Report, N-CLC-F-00695, July 14,2004) 

THE WSRC TEAM 
Westinghouse Savannah River Company LLC Bechtel Savannah River, Inc. BNFL Savannah River Corporation 

BWXT Savannah River Company - CH2 Savannah River Company * Polestar Savannah River Company 



Attachment 1. Conveyance Loading Plans for LEUO, 7/06/2004 

LEUO Group 1, Shipment 1 
(UO3 < 7.5 MT/16,534 Ibs.) 

7 5 2  AM 7/7/2004 Page 1 of 13 



Attachment 1 .  Conveyance Loading Plans for LEUO, 7/06/2004 

LEUO Group 1, Shipment 2 
(UO3 < 7.5 MT/16,534 lbs.) 

% Enrichment 

~~ ~ ~~~ ~ 

9279 1.002 757 
9270 1.002 766 

~ ~~~ ~ 

9269 1.002 766 
9280 1.003 759 

7 5 2  AM 7/7/2004 Page 2 of 13 



Attachment 1. Convey-mce Loading Plans for LEUO, 7/06/2004 

LEUO Group 1, Shipment 3 
(UO3 c 7.5 MT/16,534 Ibs.) 

752 AM 7/7/2001 Page 3 of 13 



Attachment 1. Convey'ance Loading Plans for LEUO, 7/06/2004 

LEUO Group 1, Shipment 4 
(UO3 < 7.5 MTl16.534 Ibs.) 

Drum# DrumID % Enrichment UOJ Weight 
(pounds) 

9290 1.016 764 
9299 
9297 

II ! 9296 I 1.017 I 758 

1.017 757 
1.017 756 

929 1 1.017 757 
9325 1.018 754 

7 5 2  AM 7/7/2004 Page 4 of 13 



Attachment 1. Conveyance Loading Plans for LEUO, 7/06/2004 

LEUO Group 1, Shipment 5 
(UO3 < 7.5 MTl16.534 Ibs.) 

Drum# 

1 
2 

DrumID % Enrichment UOJ Weight 
(pounds) 

9326 1.02 1 789 
9317 1.022 755 

3 
4 
5 
6 
7 

~ ~ ~ 

9318 1.022 760 
9320 1.022 756 
932 1 1.022 755 
9310 1.023 758 
9329 1.023 760 

8 
9 

10 
11 
12 
13 

752 AM 7/7/2004 

~~ ~ ~~ ~ ~ 

935 1 1.023 763 

9353 1.023 759 
9311 1.024 768 
93 14 1.024 758 
9330 1.025 767 
933 1 1.025 754 

Page 5 of 13 

14 

15 
16 
17 

18 
19 
20 

~ 

9340 1.026 760 
9327 1.027 755 
9332 1.027 757 

9333 1.027 763 
9342 I .028 763 
9454 1.028 763 
9346 1.029 756 



Attachment 1. Conveyance Loading Plans for LEUO, 7/06/2004 

LEUO Group 1, Shipment 6 
(UO3 < 7.5 MT/16,534 Ibs.) 

Drum# DrumID 9% Enrichment UO3 Weight 
(pounds) 

1 9367 1.029 76 1 
2 9334 1.030 763 

II I 9343 I 1.030 I 759 
9344 1.030 76 1 

9347 1.030 754 
9355 1.030 760 
9368 1.030 760 

7 s  AM 7n12004 Page 6 of 13 



Attachment 1. Conveyance Loading Plans for LEUO, 7/06/2004 

LEU0 Group 1, Shipment 7 
(UO3 < 7.5 MT/16,534 Ibs.) 

9 
10 
11 
12 

13 

9% Enrichment 

9384 1.035 757 
9400 1.035 75 1 
936 1 1.036 758 
9362 1.036 766 

9370 1.036 767 

I 
~~~~~~ ~~ ~ ~~~~ 

937 1 1.036 756 :: 9395 1.036 757 

I 95 14 I 1.036 I 744 

752 AM 7/7/2004 Page 7 of 13 



Attachment 1. Conveyance Loading Plans for LEUO, 7/06/2004 

Drum# 

I 
2 
3 
4 

5 

LEUO Group 2, Shipment 1 
(UO3 4 . 2 5  MT/ll,574 Ibs) 

DrumID % Enrichment UO3 Weight 
(pounds) 

9338 1.037 760 
9389 1.037 764 
9390 1.037 763 
9397 1.037 754 
9399 1.037 759 

9125 1.038 740 
9372 1.038 764 

I 
II I 9382 I 1.038 I 759 

9387 1.038 759 
;o 9418 1.038 764 

I 
~~ 

9435 1.038 76 1 :: 9385 1.039 766 

I 
~~ 

I 9403 I 1.039 pT 762 

~~ 

9392 1.039 759 :: 9393 1.039 75 8 

7 5 2  AM 7/7/2004 Page 8 of 13 
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Attachment 1. Convey-ace Loading Plans for LEUO, 7/06/2004 

LEUO Group 2, Shipment 2 
(UO3 ~5.25 MT/l1,574 Ibs) 

Drum# 

1 
2 
3 
4 

5 
6 
7 

DrumID % Enrichment UOJ Weight 
(pounds) 

9404 1.039 760 
9428 1.039 674 
9383 1.040 757 
9386 1.040 762 
9388 1.040 760 
9402 1.040 756 
9345 1.041 76 1 

-~ -~~~ ~ 

8 939 1 
9 9405 

1.041 75 8 
1.041 763 

10 
11 

9406 1.041 759 
9407 1.041 765 

Page 9 of 13 

12 

13 

~ 

9419 1.041 757 
9442 1.041 762 

14 
15 

9336 1.042 76 1 
9396 1.042 754 



Attachment 1. Conveyance Loading Plans for LEUO, 7/06/2004 

LEUO Group 2, Shipment 3 
(UO3 4 . 2 5  MTI11.574 Ibs) 

6 
7 
8 
9 
10 
11 
12 
13 
14 

Drum ## 1 Drum ID 

9445 
9414 
9375 

9410 
9415 

9417 
9422 
9423 
9424 

I 
~~ 

4 9408 

1.043 
1.044 
1.045 
1.045 
1.045 

1.045 
1.045 
1.045 
1.045 

~ ~~ ~~ 

76 1 
759 
762 
762 
757 
765 
764 
763 
760 

1.043 

1.043 I 764 It 
1.043 

1.043 757 

7 5 2  AM 7/7/2004 Page 10 of 13 



Attachment 1. Conveyance Loading Plans for LEUO, 7/06/2004 

LEUO Group 2, Shipment 4 
(UO3 4 .25  MT/11,574 lbs) 

Drum# 

1 
2 
3 
4 
5 

DrumID 9% Enrichment UOJ Weight 
(pounds) 

9429 1.045 759 
9412 1.046 754 
9416 1.046 762 
9430 1.046 770 
9439 1.046 757 

6 
7 

~ ~~ 

9457 1.046 758 
9459 1.046 765 

8 
9 

1. 9420 I 1.048 I 763 II 

~ ~~ ~~~ 

9360 1.047 760 
9425 1.047 760 

7 5 2  AM 7/7/2004 

10 
11 
12 

13 

Page 11 of 13 

9438 1.047 752 
9460 1.047 754 
9337 1.048 764 
9376 1.048 765 



Attachment 1. Conveyance Loading Plans for LEUO, 7/06/2004 

LEUO Group 2, Shipment 5 
(UO3 4 . 2 5  MT/11,574 lbs) 

Drum# 

1 
2 
3 

DrumID 9% Enrichment UOJ Weight 
(pounds) 

943 1 1.048 764 
9433 1.048 764 
9437 1.048 765 

4 
5 
6 
7 
8 
9 
10 
11 
12 

13 I 945 8 I 1.049 I 758 

~ ~ ~ ~~ 

9448 1.048 765 
9373 1.049 76 1 
9432 1.049 758 
9434 1.049 76 1 
9436 1.049 756 
9441 1.049 758 
9443 1.049 763 
9447 1.049 754 
9452 1.049 77 1 

752 AM 7/7/2004 Page 12 of 13 



Attachment 1. Conveyance Loading Plans for LEUO, 7/06/2004 

LEUO Group 2, Shipment 6 
(UO3 4.25 MT/l1,574 lbs) 

10 

11 

12 

13 

14 

I 
9378 1.063 765 

9440 1.063 752 

945 1 1.064 764 

9450 1.066 724 

942 1 1.084 766 

I 5 2  AM 7/7/2004 Page 13 of 13 



Westing house 
Savannah River Company 

Aiken. SC 29808 

M a y  28. 2003 

To: P. J .  Breidenbach. 703-F 
S. J .  Iiowcll, 707-7F 
M. E. Logan. 707-7F 
S. J .  Robertson, 707-F 

From: K. S. Parkinson, 703-F 
D. L. McWhorter, 707-7F 

Sarnpline Plan for Low Enriched Uranium Trioxide (U) 
SRS has 381 drums of low-enriched uranium trioxide (LEUO;) drums stored in Building 
271-21F. Thc LEU03 was produccd by the Mark 1.5 campaign in the early 1980s. WSRC 
needs the LEU03 characterization data to perform a disposition alternatives study to fulfill 
our DOE commitment for a recommended disposition pathway by September 30.2003. 

SRTC will analyze the LEU03 for radionuclides, elemental impurities, organic compounds 
and physical properties as identified i n  Tables 2-6. The analytical requirements are based 
on IO CFK 61 3 5 .  the applicable RCRA and DOT requirements, potential vendor waste 
acceptance criteria (WAC) and the TVA Low Enriched Uranyl Nitrate Specification. 

The '"U content by drum is available from the analyses performed during the production 
campaign (D. R. Barton, Jr. to D. C. Bonfer, March 17, 1986). Analytical data for some 
radionuclides and chemical impurities based on IO-drum composites is available in the 
same document. The RCRA. DOT. WAC and 1 V A  requirements necessitate lowcr levels 
of detection than were pcrforrned for this data to achicvc thc safest. most cost effectivc 
disposition pathway. 

The available analytical data shows that the '"U content steadily increases during the 
production run. The :'YJ contcnt exceeds the  natural uranium concentration (0.7 I 1%)) by 
the 33"'drum and the eversafe concentration (0.90% "'U) in the 7S'drurn. Thc '"U 
content remains above the evcrsafe concentration until thc last IO drums, hut never drops 
under the natural uranium concentration. Onc drum is identified as LEU03 material from 
the secondary dust collcctor. 

Based on our knowledge of the source material and the process, the LEU03 is considered 
homogeneous within each drum for radionuclide and chemical impurity content. WSRC is 
disposing other urilnium matcrials via the same potential disposition vendors. These 
vendors accepted these materials with ;I minimal amount of analytical data with the WSRC 
assurance that the matcrials are homogeneous. Therefore, this sample plan assumes that 
each drum is a homogencous mixturc. Between drums. thc ?J conlent will wry. The 
drums will he sampled by a scoop from the top of each drum. A statistically represcnlativc 
set of samples shall be pulled from the 381 drums. 



Sample Pian for Low Enriched Urpnium Oxide 
1 

Thc sample material will be obtained by removing 20 grams of oxide from the top of each 
drum. Operations will arrange the transportation of 1-gram samples from each drum to 
SRTC for the characterization analyses. The remaining sample material will retained for 
possible recheck, and the RCRAcertified laboratory analyses. Each sample will be 
identified by drum number, and stored in a cool dry location away from sunlight until 
needed. The RCRA analyses will be held pending the outcome of the disposition 
alternatives study. 

The sample matcrial shall be taken from thc drums identified in Tablc I .  The drum 
numbers for thc entirc LEU0 inventory are 9092-9471. and 9.514. In addition to the 
statistical sampling. the following drums will bc sampled: 

Drum 9433 - previous results indicated 4.0% '"U content, 
Drums 934 I & 9462 - no recorded *'?J content. 
Drums 9124,9125,9169 & 9170 - 235U content transitions. and 
Drum 95 14 - contains material removed from the secondary dust collector. 

Table 1 
Drums for Analysis 

Specific Drums Statistical Set 
9124 -3 9138 

dlG9 f 9162 
$tic-J 9174 J 
'%41 ../ 9186 
9433 J 9198 7 

9210 
9.514 ,/ 9222 

9246 
9258 J 
9270 
9282 
929-1 

9718 
9730 ,/ 
9342 ./ 
9154 
9366 ./ 

9125 1 .. 3150 / 

9234 J 

9306 J 

;El / 
9402 
9414 ./ 
9426 
9438 / 
9450 J 
9461- 
9414 

Drum Grid Positi . _ _  
- !6 - 

-18 _ _  
2 
8 
9 
14 
20 
21 

I 
5 
9 
I I  
I 3  
1 6 
17 
20 
23  
24 

I 
3 
4 
5 
8 
I2 
15 
17 
18 
20 
21 

Page 2 of 7 



Sample Plan for L a w  Enriched Uraeium Oxide 
Y. 1 

Thc dnim grid position is an imaginary grid. as shown, below: 

SRTC will analyze the LEU03 for the following radionuclides: 

Table 2 
Radionuclide.. from DOT and Potential Vendor Waste Acceptance Criteria 

Page 3 of 7 



S8mpk Plan for Low Enriched Uranium Oxide 

SRTC will analyze lor the following elements from the TVA LEU Specification: 

Table 3 
TVA LEU Specification 

Page 4 of 1 



Sample Plan for Low Enriched Uranium Oxide 

If the LEUOl is  disposed as waste, an independen[. certified' laboratory may be required to 
analyze for these RCRA constituents. 

Table 4 
RCKA Constituents 

' Results reported as pnn.c per rrtilliorr (pprn) are "rng/C' for liquids, and "rng/kg" for solids. 
' If o-. rn-. and p-Cresol concentrations cannot be differentiated, the total cresol concentration is used. 

The total cresol limit is 200 rn&. 

The lollowing analytical I-equircincnts arc includcd in [he potential vendors' wastc 
acceptance cri ten a: 

Table 5 
Vendor Waste Acceptance Criteria Constituents 

I Typical Vendor's WAC Limit 
. . . . . . . 

Constituent I 

Page 5 of I 



. I  

Cm-247 
Cm-248 
Cm-250 
Bk-247 
Cf-249 
Cf-250 
Cf-25 I 

Sample Plan for Low Enriched Uranium Oxidc 
1 

Process knowledge 
Process knowledge 
Process knowledge 
Process knowledge 
Process knowledge 
Process knowledge 
Process knowledge 

Potential constituents identified in the previously noted regulatory documents andor  waste 
acceptance criteria were excluded from the Characterization analysis based on the provided 
reasoning: 

Table 6 
Excluded Analyses 

Page 6 of 7 



Sampk Plan for Low Enriched Uranium Oxide 
1 

Plcase sign in the designated space to acknowledge your approval of this sample plan to 
characterize the LEUO,. 

h 

S. J .  Robertson. Mana omplex Technical Support 

S .  J .  Howell. k&nagcr, I;-Canyon Complcx Engineering 

anyon Complex Deactivation 

L-d-0'3 
Datc 

Page 7 of 7 



, .. . 

Table B-1 
Analytical Results 

TCLI' Metals: 

A w n  ic 

Barium 

Cadmium 

Chrniniiini 

Led 

Mcrcury 

Selenium 

Silver 

TCLP Vdaliles: 

Bcnrcnc 

Carbon Tctrachlnridc 

Chlorobenrenc 

Chloroform 

I .4-Dichlorohenzene 

I .I-Dirhlorocthanc 

Mcthyl cthyl kcionc 

Pgridinc 

'l'ctrichl~irixllicl yne 

Trtchlorocthylcnc 

Vinyl chloridr 

Diuliliircrthylcnc 

U p v r  
Siaiisitcal Confidence 

Mean Level 

TC1.P Scmivdatilw: 

o-Cresol 

p-Crcscll 

rn-Crc\ol 

Cresol 

Dinitraoluenc 

Hcxachlorobenzene 

U P v r  
Statistical Confidence 

Mean Level 

Hcxachloro- I .3-htadicne 

Nitrohcnzcnc 

Pcntxhlorophcnol 

2.J.S-Trichlorophenol 

2.4.6-Trichlomphcnol 

Hcxachloroclhme 

TCLP Pcslicides and Herbicides: 

Chlnrdme 

2 4 - D  

Endrin 

IicplJchlor and Hydroxidc 

Lindaiic 

Mclhoxychlor 

riix~phcllc 

2 4 5 .  TY (Silvex) 



WESTINGHOUSE SAVANNAH RIVER COMPANY 
INTEROFFICE MEMORANDUM 

MAR 25 M04 

To: Dave Collin5 
M;I r v  Gmn;itlc 
Mar); hoKOVIc.: 
Don McWhoncr 
Jacoh Nirns 
Howard Pope 
Glcnn Siry 
SW&I Dwuincnt Control 

734-7E 
724-20E 

707 -7 F 
707-7F 
7 0 4 s  
705-3C 
042-F. 

-. . 
, -.. . L 

From: Rcrnie Mayanczik /$-q 724-2 I E 

SUBJECT: RADlOCl IEMISTRY DAI'A VALlDATlON FOK LOW ENRICHED lJKANlUM OXlDE 

Validation of the Lou. Enriched IJr:inium Oxide radiochemistry data analyLed by SRTC \vas conipleted 
with no anonialies norcd. Thc process was pcrformcd io meet Nevada Test Site wasiz acceptancc 
critcria to validate a portion i d  the chcmical and radiological data ror characterization purposcs. 
Attached are copics ol' [lit  c;iw Iurrativc report, coinplried validitlion chccklist/\timriiary shcct. and data 
cilidation workshecx 

Chcrnical analyses and subxquent validation of thni d;ita wrrc pcrfortned by an indepcndent source at 
Gcncral Enginccrtng I.ahoriitorles. Inc. 

I f  there arc any quections regarding this information or process, plcasc call ine at 2-227 I. 



Radiochemistry Case Narrative 
Westinghouse Savannah River Company 

Low Enriched Uranium Oxide 

Analytical hlellind Uatcli Number Sample Number 
Gas Flow Proportional Counting Batch 1 (Sr-90). 6-25-03 9124.9150.9170.919S. 

92S8.9306.9360.9414 
Batch 2 (9-90) .  7-3-03 9174,9234,9330.9342. 

Met hod//\ nalysis Information 

QC Sample Number 
blank-1 

hlank-2 

Analytical Method 
Ga5 Flow Proportional C(iunling 
Liquid Scintillation 
Gamma Spectrtiscopy 
Alpha Spcctroinclry 
Mass Spectrometry 
Procedure 
-, .,-. - . s i  

I-NTS-MS-010 
RGBIO-1 
RG B 10-3 
RG 810-9 
ETSPMR-6 
WSRC-1M-97-00024 

. . ._ ... . , : .  
.. i ~ ; ~ ~ - ~ . ~ . ~ I ( ~ : . . - ! ~ i ~ i , ~  ..L:.h +A; ..... L . ~ .  . , . , ~ ~ ~ , ~ t , , + , i  c . : . . ; .~ .  - ' - . . .  , 

Sample Changing Procedure for 3 Stage Thermal Ionization Mass Spec 
Pu TIMS Bioassay: Quality Assurance Plan 
Pu TIMS Bioassay: Measurement Control Program 
Pu TlMS Bioassay: TlMS Operations 
Underground Counting Facilities Measurement Control Program 
Conduct of Research & Development Savannah Rivcr Technology Center 

Liquid Scintillation 
9390.9433.9450.9486 

9174,9198.9234.9258. 
Batch 1 (To-99). 7-23-03 9124.9170.9433.9150, blank-I. 9258 dup 

Batch 2 (Tc-99). 7-23-03 9306.9330.9342.9366. blank-2.94 14 spike 

Gmma Sprctnocop? 

Mass Spectrometiy 

9390,9414,9450,9486 
9124.9150.9 170.9 174. NIA Batch I (Np-237). 

9- 19-03 9198.9234,9258.9306. 
9330.9342.9366.9390, 
94 14.9433.9450,9486 

Batch I(Cs-137. Ra-226. 9124.9150.9170.9198, blank-I. 9150 spike-l 
Am-24 1 ). 6-25-03 9258.9306.9366.9414 
Batch 2 (Cs-137, Ra- 9174,9234.9330.9342. blank-2.9450 spike-2 
226. Am-241). 7-3-03 9390,9433.9450.9486 
Batch I (1-129). 8-18-03 9124.9170.9150.9198. blank 

9258.9306.9366,. 9414 
Batch (U). 6-2s-03 9124.9125.9150.9169. 9124 dup.9125 dup. 

9170.9174.9198.9258. 9174 dup.9198dup. 
9282.9%. 9341,9366, 9341 dup. 9364 dup 
9414.9433.9438.9514 

all other Pu's by mass). 9174.9198,9234.9258. 
6-25-03 9306.9330.9342.9366. 

9390.9414.9450.9486 

Batch (Pu-238 by alpha. 9124.9170.9433,9150. 9366 dup 



Calibration Idurnintion: 

Sample Geometry 
All counting sourccs were prepared in the same geometry as the calibration standards. 

Oualitv Control (OC) Information: 

Blank Information 
Information fell within the acceptance criteria for method blanks. 

Q C  Information 
All of the QC samples (spikes, duplicates. and kibOrdtOry control samples) met the required 
acceptance limits for %R and RPD. 

Technical Information: 

Holding Time 
All samples were analyzed within the required holding time. 

Preparation lnformation 
All preparation criteria have been met for these analyses 

Sample Re-preplRe-analysis 
Two samples did not agree with the historical record (9125 and 9198) during mass spectrometry 
for uranium. A second aliquot was dissolved and diluted and reanalyzed. The result of 9125 
agreed with the initial preparation. The first result for 9198 was 0.24at% U-235 while the 
reanalysis resulted in 0.5 la[% U-235. A third aliquot for sample 9198 was therefore prepared, 
starting with 230 mg and diluting from there. The third result agreed with the first analysis 
giving 0.26at% U-235. After discussing this with the generator, another aliquot of each sample 



\viis reanalyzcd. Siirnple 9198 u;is still signilicantly deplctcd whilc the historical rccord 
tntliciitcs it should hc vcry slightly cnrichcd. Thc ;inalysis ol‘ the rcsuhrnittcd sarnplc 91 2 5  
tntlic;itcs that i t  is  nearly natural in its U-235 contcnt. iigrccing with the historical record. 

Miscellaneous Information: 

NCll Documentation 
S o  NCR was gcncratcd.for thc prcpara[ion and analysis ol‘ this sample set. 

This validation was completed using U i v i r ~ i r i r r ~ c ~ r t r t r I  Gcocherrri.rf~ Croup Operutirig Htrrrdl~ook 
Srctiori 1.800 Anolyticol Dtrfa QiicrlI/icotiori and LEHR Enviroiitrreritul Restomtiorl/Wcrsie 
Mctncigcvrient Stondard 0perotirr.g Procrditrc* SOP NO. 2 I . I . 



Dit!;& Viilidiitioii Guidelines W I-NTS-04 
Revision 0 

VAIJDATION OF RADIOCHEMISTRY DATA 

- - Rcvicw coiiiplctcd by: 

HOLDING TIMES 

ltave all sample.s been analyzed within 180 days:) & , N o  , N I A  , 
I t  any ximplc fails this crileihi, apply "J" qualifier 10 all sninple results. 

LABORATORY CONTROL SAMPLE 

Yes N o  N/A 
Are all laboratory cutirrol sample (LCS) recoveries (%H) wifhiri QC limits? 1 7 1  i] I] 
If ally LCS compound Ciih this criterion. apply qualifiers to thc failed coinpound ii i  it11 mnplcs 
iissociated with that LCS, according 10 Ihc following Suidelincs: 

All olliers: 
YcR > 7 S 4  UppedLower Limit 

25% c %R s 2 75% Upper/L.owcr Liinit "1 '* "UJ" 
"J" "R" 

M A I R I X  SPIKEMATRIX SPIKE DUPLICATE 

& , N o  , , Nlh , 
Are all matrix spike (MS)/niafrix spike duplicate (MSD) recoveries (TOR) 
within QC limits? 

Review M S  recoveries and apply qualifiers to failed compounds in all associated sarnplcs. 

17 



I h t i i  V ;I I i h i  i on Guide I i nes W I-NI’S-04 
Revihion 0 

“1“ “R” 
“J” “UJ” 
“1” “R” 

It LANKS 

Are all Blank results bel iw Reporting Liniils? 

I f  tlic I h n k  I-csults tiill outside tlie approlxiare liinils. qualify tlic results for all associnted 
samples that ;ire lehs than I O  times the  blank value as estiinated. “J” or “UJ”. 

CALILIRA‘I’IOKS 

Ycs N O  N/A 

Do field dciplicatc values prierully look siirrilar? 

, Yes , I N o  I , 2 
Field duplicate samples may be taken aird analyzed as an indication of overall precision. These 
analyses measure both field and lab precision; therefore, the results may have more variability 
than lab duplicates that measure only  lab performnnce. It is expected that soil duplicate results 
will have a greater variance than water niutrices clue to difficulties associated with collecting 
idcntical lield samples. A n y  evaluation o f  field duplicatcs shall be provided with rhe reviewer’s 
coininenis. 



W I-NTS-04 
Rcvisioii 0 

Overall Validation Summary 



0.20% 

Element 
Tc-99 
Pu-238 
u-238 
U-236 
U-235 
u-234 
u-238 
U-236 
u-23s 
U-234 
1!-?38 
U-236 
u-2.3s 
U-234 
U-238 
U-236 
U-235 
u-234 
U-238 
U-236 
U-235 
U-234 
u-238 
U-236 
u-235 
Cl-234 

9258 dup 
9366 dup 
9125 dup 
9 I25 dup 
9 I25 dup 
912Sdup 
9198 dup 
9198dup 
9 I98 dup 
9 I98 dup 
9 I 2 1  dup 

912ldup 
9124dup 
9174dup 
9 I74 dup 
9174 dup 
9174 dup 
9341 dup 
9341 dup 
9341 dup 
9341 dup 
9366 dup 
9366 dup 
9366 dup 
9366 dup 

912Jdup 

X 

36 
10 6 

98 89 
0 062 
I 042 
0 008 
99 71 
0010 
0 2 m  
0 001 

99 3 5 0  
0 076 
0 605 
0 005 

98 990 
0 062 
0 94s 
0 008 

98 890 
0 062 
I 041 
0 008 

98 920 
0 065 
I O l l  
0 008 

Y 
43 
8 8  

98 92 
0061 
1006 
0 008 
99 73 
0010 
0 258 
0001 

99 150 
0 036 
0 607 
0 005 

98 990 
0 061 
0 940 
0 008 

98 900 
0 061 
I 036 
0 008 

98 920 
0064 
I 007 
0 008 

ahsnlulc x. 

Y x + Y n  
7 m  
I 8000 
0 0300 
0 0007 
0 0360 
0 0002 
ODooo 
0M)Oo 
0 0020 
OoooO 
OoooO 
O W Q 4  
0 0020 
OoooO 
OoooO 
0 0005 
0 0050 
0 0002 
00100 
0 0003 
0 0070 
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E. I .  ou PONT DE NEMOURS 61 COMPANY 
lwcoIcQaATco 

ATOMIC ENERGY DIVISION 

AIKEN. SOUTH CAROLINA 29801 
SAVANNAH RIVER PLANT 

( r i a  a 1 0  i 7 1 . z s i o  I C L  I O J  7 2 s  6 2 1 1  IU L U C U I ~ A  C L  , 
March 17, 1986 

Mr. D. C. Bonfer 
Westinghouse Yaterials Company of Ohio 
P. 0. Box 398704 
Cincinnati, Ohio 45239 

Mr. Bonfer: 

The recent enriched uranium (Mark 15) productivity campaign generated 380 
drums of uranium trioxide (uog) that were packaged as slightly enriched 
uranium. 
been completed. ( 235u 
isotopic by weight for individual drums) and Table I1 (ten drum composite 
sample analyses). The transuranic alpha activity and total beta activity 
analyses are n o t  yet complete. 

The majority of our sample analyses for the Mark 15 campaign have 
Uranium trioxide analyses are.contained in Table I 

A s  you indicated, composite sample 9335-9344 was mistakenly not shipped to 
your site. If needed, we will send this sample with our first shipnent of 
enriched U03. 

Please coztact me at ( E 0 3 )  557-4263 (FTS 227-4263) if I can be of fcrther 
assistance. 

Very t r u l y  yours, 

- -.. 3. Sartor., r., Ezgineer 
Se2aratiozs Technology 3ept. 

DRB/d 
att 

cc : 3. C. Witt, 221-F 
G. E. Barrow, 221-F 
M. L. Cowen, 221-F 
L .  9 .  O l s o r ,  \, C. 3. Davis, 707-1F 
J. T. Suckner, 703-E: 
C. W. Jenkins, 221-C 
T. G. Campbell,221-F 
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TABLE I 

Mark 1 5  Individual D r u m  235U Isotopics 

Drum # 



TABLE I (cont'd) 

M a r k  15 I n d i v i d u a l  D r u m  235U I s o t u p i c s  



TABLE I ( c o n t ' d )  

M a r k  15 I n d i v i d u a l  D r u m  235U Isatopics 

D r u m  tt 235u w t %  ?-rC -adU w t %  



TABLE I 1  

U O 3  Composite Sample M a r k  15 Results 

Drum 9092- 9103- 
Numbers 9102 9112 

9 i 63- 
3172 

3173- 
9181 

w t  :L UO3 97.91 96.26 
w t  x u 31. 42 30. 11 

75-82 
79.74 

FGRTICLE SIZE 
-7 7 %Fast 40 89.4 7 , ' -  I 

:.Fast 325 0 .  4 7.7 

.--I.-. -. %Past a!:) 22.8 G'-'. L ., 

1.86 



M a r k  IS 

Dr u r n  9271- 9278- 
N u m b e r s  9277 9287 

w t  X U O 3  96.67 98.83 
w t  % u 8 1 - 5 Si?, 1313 

FAF:TICLE SIZE 
:/.Past 40 5'8.4 9 E . 9  
% F a s t  80 81.5 90.0 
%Fast 325 10. 1 31.0 

SPECTOGHAFHIC, ppm 
A 1  
Ca 
Cr 
cu 
Fe 
I-lo 

Ni 
F 
Fb 
Si 

rd a 

F'u - ppb ? -. ri  1.95 i. i - t  

F:I - ppb 

TABLE 11 (cont'd) 

UOZ; -Composi te Sample R e s u l  ts 



Drum 
Numbers 

w t  % uo3 
w t  % u 
PART I CLE 
%Fast  40 
%Past 80 

q ,.y T V .  I- 

9441- 
9450 

97.10 
80.81 

SIZE 
99.2 
81.8 

%Past 325 12.4 

..'-:&&. ./ 2 , ... . ., , : .. . . 

TABLE I1 (cont'd) 

M a r k  15 U03 Composite Sample Results 

9451- 
9460 

97.16 
80.86 

98.4 
77.5 
2.4 

SPECTOGRAPHIC, p p m  
A 1  
Ca 
Cr 
cu 
Fe 
Ma 
Na 
Ni 
P 
P b  
Si 

Fu - ppb 

Gross % 



Technical Links > Health Guidelines > Uranium & Insoluble Compounds 

Disclaimer: The information contained in these guidelines is intended for reference purposes only. It provides a 
summary of information about chemicals that workers may be exposed to in their workplaces. The information may 
be superseded by new developments in the field of industrial hygiene. Readers are therefore advised to regard these 
recomendations as general guidelines and to determine whether new information is available. 

OCCUPATIONAL SAFETY AND HEALTH GUIDELINE FOR URANIUM AND 
INSOLUBLE COMPOUNDS 

INTRODUCTION 

This guideline summarizes pertinent information about uranium and insoluble uranium 
compounds (measured as uranium) for workers and employers as well as for 
physicians, industrial hygienists, and other occupational safety and health professionals 
who may need such information to  conduct effective occupational safety and health 
programs. Recommendations may be superseded by new developments in these fields; 
readers are therefore advised to regard these recommendations as general guidelines 
and t o  determine periodically whether new information is available. 

A P P LICA B I LITY 

This guideline applies to  metallic uranium and all insoluble uranium compounds; 
examples of such compounds include triuranium octaoxide, uranium dioxide, uranium 
hydride, uranium tetrafluoride, and uranium trioxide. The physical and chemical 
properties of uranium and of some insoluble uranium compounds are presented below 
for illustrative purposes. 

SUBSTANCE IDENTIFICATION 

Metallic uranium 

* Formula 

U 

* Structure 

(For Structure, see paper copy) 

* Synonyms 

U; Uranium metal, pyrophoric; uranium. 

* Identifiers 

1. CAS 7440-61-1. 

2. RTECS YR3490000. 

3. DOT UN: 2979 65 (for the pyrophoric forms of the metal). 

4. DOT labels: Radioactive and Flammable Solid. 

* Appearance and odor 



’ Elemental uranium is a heavy, malleable, silvery white, lustrous, radioactive metal that  
is pyrophoric when finely divided. When uranium is obtained by reduction, it takes the 
form of a black powder. In  i ts natural state, uranium has three isotopes: (234)U, (235) 
U, and (238)U. U-238 has a half life of 4,510,000,000 years. 

CHEMICAL AND PHYSICAL PROPERTIES 

* Physical data 

1. Atomic number: 92. 

2. Atomic weight: 238.03. 

3. Boiling point (760 torr): 3818 degrees C (6904 degrees F). 

4. Specific gravity (water = 1): 19.05 + 0.02 at  20 degrees C (68 degrees F). 

5. Vapor density: Not applicable. 

6. Melting point: 1132.3 degrees C (2070 degrees F). 

7. Vapor pressure at  20 degrees C (68 degrees F): Nearly zero. 

8. Solubility: Insoluble in water, alcohol, and alkalies; soluble in acids. 

9. Evaporation rate: Not applicable. 

Tri urani urn Octaoxide 

* Formula 

U(3)0(8) 

* Structure 

(For Structure, see paper copy) 

* Synonyms 

Uranium oxide, pitchblende, nasturan, uraninite. 

* Identifiers 

1. CAS 1317-99-3. 

2. RTECS YR3400000. 

3. Specific DOT number: None. 

4. Specific DOT label: None. 

* Appearance and odor 

Triuranium octaoxide is an olive green to  black, odorless solid. 

CHEMICAL AND PHYSICAL PROPERTIES 

* Physical data 



’ 1. Molecular weight: 842.1. 

2. Boiling point: Not applicable. 

3. Specific gravity (water = 1): 8.30 at  20 degrees C (68 degrees F). 

4. Vapor density: Not applicable. 

5. Melting point: 1300 degrees C (2372 degrees F) (decomposes to  uranium dioxide). 

6. Vapor pressure at  20 degrees C (68 degrees F): Nearly zero. 

7. Solubility: Insoluble in water; soluble in nitric and sulfuric acids. 

8. Evaporation rate: Not applicable. 

Uranium dioxide 

* Formula 

UO(2) 

* Structure 

(For Structure, see paper copy) 

* Synonyms 

Uranous oxide, black uranium oxide, uranium oxide, uranic oxide, urania, yellow cake. 

* Identifiers 

1. CAS 1344-57-6. 

2. RTECS: None. 

3. Specific DOT number: None. 

4. Specific DOT label: None. 

* Appearance and odor 

Uranium dioxide is a pyrophoric, black, crystalline solid. I t occurs naturally in various 
minerals including uraninite, pitchblende, and tyuyamunite. The latter is the most 
i m porta n t mi nera I corn mercia I I y . 
CHEMICAL AND PHYSICAL PROPERTIES 

* Physical data 

1. Molecular weight: 270.03. 

2. Boiling point: Data not available. 

3. Specific gravity (water = 1): 10.96 a t  20 degrees C (68 degrees F). 

4. Vapor density: Not applicable. 



5. Melting point: 2858-2898 degrees C (5176-5248 degrees F). 

6. Vapor pressure: Not applicable. 

7. Solubility: Insoluble in water; soluble in concentrated sulfuric acid and nitric acid. 

8. Evaporation rate: Not applicable. 

Uranium hydride 

* Formula 

W 3 )  

* Structure 

(For Structure, see paper copy) 

* Synonyms 

Uranium trihydride. 

* Identifiers 

1. CAS 13598-56-6. 

2. RTECS: None. 

3. Specific DOT number: None. 

4. Specific DOT label: None. 

* Appearance and odor 

Uranium hydride is a brownish-black or brownish-gray, pyrophoric powder. 

CHEMICAL AND PHYSICAL PROPERTIES 

* Physical data 

1. Molecular weight: 241.05. 

2. Boiling point (760 torr): Not applicable. 

3. Specific gravity (water = 1): 10.95 a t  20 degrees C (68 degrees F). 

4. Vapor density: Not applicable. 

5. Melting point: Decomposes. 

6. Vapor pressure at  20 degrees C (68 degrees F): Nearly zero. 

7. Solubility: Insoluble in water, alcohol, acetone, or liquid ammonia; slightly soluble in 
dilute hydrogen chloride; decomposes in nitric acid. 

8. Evaporation rate: Not applicable. 



% Uranium tetrafluoride 

* Formula 

* Structure 

(For Structure, see paper copy) 

* Synonyms 

Green salt. 

* Identifiers 

1. CAS 10049-14-6. 

2. RTECS: None. 

3. Specific DOT number: None. 

4. Specific DOT label: None. 

* Appearance and odor 

Uranium tetrafluoride is a nonvolatile, green, odorless, crystalline solid. 

CHEMICAL AND PHYSICAL PROPERTIES 

* Physical data 

1. Molecular weight: 314. 

2. Boiling point (760 torr): 1417 degrees C (2582 degrees F). 

3. Specific gravity (water = 1): 6.7 at  20 degrees C (68 degrees F). 

4. Vapor density: Not applicable. 

5. Melting point: 955-965 degrees C (1751-1769 degrees F). 

6. Vapor pressure at  20 degrees C (68 degrees F): Nearly zero. 

7. Solubility: Insoluble in water; soluble (decomposes) in concentrated acids and 
alkalies. 

8. Evaporation rate: Not applicable. 

* Reactivity 

1. Conditions contributing t o  instability: Heat, flame, or exposure to  air. Uranium metal 
reacts with nearly all nonmetals. Uranium turnings and fines stored out-of-doors in 
closed containers under water o r  water-soluble oil will convert partially to  the hydride 
and will eventually ignite during hot  weather. 

2. Incompatibilities: Pure uranium is very reactive and is a strong reducing agent. Clean 
uranium turnings or  chips oxidize readily in air. Contact of uranium with carbon dioxide, 



' carbon tetrachloride, o r  nitric acid causes fires or explosions. Uranium hydride is 
spontaneously flammable in air, and contact o f  the hydride with strong oxidizers may 
cause fires and explosions. Contact o f  uranium hydride with water forms flammable and 
explosive hydrogen gas, and contact of the hydride with halogenated hydrocarbons can 
cause violent reactions. In finely divided form, uranium dioxide ignites spontaneously in 
air. 

3. Hazardous decomposition products: Toxic particulates, gases, and vapors (such as 
uranium metal fume, oxides of uranium, hydrogen fluoride, carbon monoxide, and 
dangerous radioactive materials) may be released when uranium or  an insoluble 
uranium compound decomposes. 

4. Special precautions: Uranium is radioactive and highly reactive and should be 
handled with extreme caution at  all times. Uranium tetrafluoride is highly corrosive. 

* Flammability 

The National Fire Protection Association has not assigned a flammability rating to  
uranium or the insoluble uranium compounds. Other sources rate uranium in solid o r  
powder form as a very dangerous fire hazard when this substance is exposed to  heat or 
open flame. 

1. Flash point: Data not available. 

2. Autoignition temperature: The ignition temperature depends on the extent to which 
the metal is subdivided. The ignition temperature of the metal is 170 degrees C (338 
degrees F) (if oxygen is present); finely divided uranium metal (dust) ignites a t  room 
temperature (20 degrees C (68 degrees F)). 

3. Flammable limits in air: Not applicable. 

4. Minimum explosive concentration: 60 g/m(3). 

5 .  Extinguishant: Use graphite chips, carbon dust, asbestos blankets, o r  flooding with 
water to  extinguish small uranium fires. There is no effective way to  extinguish large 
uranium fires. 

Fires involving uranium or an insoluble uranium compound should be fought upwind and 
from the maximum distance possible. Keep unnecessary people away; isolate hazard 
area and deny entry. Emergency personnel should stay out o f  low areas and ventilate 
closed spaces before entering. Finely divided uranium (chips, turnings, shavings, etc.) 
are much more reactive than uranium in bulk form. I f  these are present during a fire, 
do not disperse them into a dust cloud, which may be explosive. Uranium metal may 
ignite spontaneously if exposed t o  air o r  other substances, may burn rapidly with a 
flare-burning effect, and may re-ignite after the fire has been extinguished. Containers 
of uranium or an insoluble uranium compound may explode in the heat o f  the fire and 
should be moved from the fire area i f  it is possible to  do so safely. I f  this is not 
possible, cool containers from the sides with water until well after the fire is out. Stay 
away from the ends of  containers. Personnel should withdraw immediately i f  a rising 
sound from a venting safety device is heard or i f  there is discoloration of a container 
due to  fire. Dikes should be used to  contain fire-control water for later disposal. I f  a 
tank car or truck is involved in a fire, personnel should isolate an area of a half a mile in 
all directions. Delay cleanup until arrival of, or  instruction from, a qualified radiation 
authority. Firefighters should wear a full set of protective clothing, including a self- 
contained breathing apparatus, when fighting fires involving uranium or an. insoluble 
uranium compound. Firefighters' protective clothing may provide limited protection 
against fires involving uranium or an insoluble uranium compound. 

* Warning properties 



No quantitative data are available on the odar threshold for uranium or  insoluble 
uranium compounds; several of these substances are odorless. For the purpose of  
selecting appropriate respiratory protection, these substances are therefore considered 
to have inadequate odor warning properties. 

* Eye irritation properties 

No quantitative data are available on the eye irritation threshold for uranium or  the 
insoluble uranium compounds. 

EXPOSURE LIMITS 

The current Occupational Safety and Health Administration (OSHA) permissible 
exposure limits (PELS) for uranium and the insoluble uranium compounds (measured as 
uranium) are 0.2 milligram per cubic meter (mg/m(3)) of air as an 8-hour t ime- 
weighted average (TWA) concentration and 0.6 mg/m(3) as a 15-minute TWA short- 
term exposure limit (STEL). A STEL is the maximum 15-minute concentration to  which 
workers may be exposed during any 15-minute period of the working day [29 CFR 
1910.1000, Table Z- l -A] .  The National Inst i tute for Occupational Safety and Health 
(NIOSH) has not issued a recommended exposure limit (REL) for uranium or  i ts 
insoluble uranium compounds; however, NIOSH concurs with the PEL established for 
this substance by OSHA [NIOSH 19881. The American Conference of Governmental 
Industrial Hygienists (ACGIH) has assigned uranium and the insoluble uranium 
compounds a threshold limit value (TLV) of  0.2 mg/m(3) as a TWA for a normal 8-hour 
workday and a 40-hour workweek and a short-term exposure limit (STEL) of  0.6 mg/m 
(3) for periods not to  exceed 15 minutes [ACGIH 1988, p. 371. The OSHA and ACGIH 
limits are based on the risk of kidney and blood disorders and on the radiological 
damage associated with exposure to  uranium or an insoluble uranium compound. 

HEALTH HAZARD INFORMATION 

* Routes of exposure 

' Exposure to  uranium or an insoluble uranium compound can occur via inhalation, 
ingestion, and eye or skin contact. Exposure t o  uranium trioxide can occur by 
absorption through the skin, eyes, and mucous membranes. 

* Summary of toxicology 

1. Effects on Animals: Metallic uranium and insoluble uranium compounds may produce 
both chemical poisoning and radiation injury t o  the kidneys and lungs of  exposed 
animals [Clayton and Clayton 1981, p. 19961. The insoluble uranium compounds are 
less toxic chemically than the soluble compounds, but uranium and all uranium 
compounds have the potential to  cause radiation damage [Clayton and Clayton 1981, p. 
2000; Klaassen, Amdur, and Doull 1986, p. 6951. The inhalation toxicity of uranium and 
the insoluble compounds of  uranium is much greater than their oral toxicity [Clayton 
and Clayton 1981, p. 20001. No dietary amount of insoluble uranium compounds 
acceptable to rats was lethal, and no evidence of systemic poisoning developed after 
the application of an insoluble compound t o  rabbit skin [Clayton and Clayton 1981, p. 
20001. However, uranium trioxide is lethal when placed in the conjunctival sac of 
rabbits' eyes, and uranium tetrafluoride causes direct eye injury [Grant 1986, p. 9651. 
Acute inhalation exposure to  20-mg/m(3) concentrations of  uranium tetrafluoride, 
uranium dioxide, o r  high-grade uranium ore was occasionally fatal t o  some laboratory 
animals; exposure t o  a 2.5-mg/m(3) concentration of uranium tetrafluoride, uranium 
dioxide, o r  high-grade uranium ore caused mild or  no renal damage and no fatalities in 
these animals [Clayton and Clayton 1981, p. 20011. Chronic inhalation exposure t o  an 
insoluble uranium compound may produce radiation injury. In  dogs and monkeys 
exposed to  5 mg/m(3) uranium dioxide for 6 hours/day, 5 days/week for up t o  5 years, 
fibrotic changes suggestive of radiation injury were found in the tracheobronchial lymph 
nodes of both species and in the lungs of monkeys. No kidney damage was observed in 
these animals [Clayton and Clayton 1981, p. 20021. Dogs tolerated inhalation of  a 10- 



mg/m(3) concentration of uranium dioxide every day for 1 year and dietary exposure t o  
10 g/kg/day for 1 year [Clayton and Clayton 1981, pp. 2001-2002l. Rats injected with 
metallic uranium in the femoral bone marrow and chest wall developed site-of-contact 
sarcomas; in these cases, the effects of chemical injury could not be distinguished from 
those of  radiation damage [Clayton and Clayton 1981, p. 20031. 

2. Effects on Humans: Metallic uranium and insoluble uranium compounds may produce 
both chemical poisoning and radiation injury [Clayton and Clayton 1981, p. 19961. The 
insoluble uranium compounds are less toxic chemically than the soluble compounds, but  
uranium and all uranium compounds have the potential t o  cause radiation damage 
[Clayton and Clayton 1981, p. 2000; Klaassen, Amdur, and Doull 1986, p. 6951. 
Exposure to  the dusts of  uranium or  t o  an insoluble uranium compound may cause 
respiratory irritation, cough, and shortness of  breath [Genium MSDS 1988, No. 2381. 
Dermatitis has also been reported, and prolonged skin contact causes radiation injury t o  
the basal cells [Proctor, Hughes, and Fischman 1988, p. 5021. Studies have shown that 
uranium workers are a t  increased risk of death from respiratory, lymphatic, and 
hematopoietic cancers; these deaths are presumed to  be caused by radiation injury 
from radon gas, a byproduct of uranium decay [Rom 1983, p. 6881. A study of the risk 
of respiratory deaths among uranium miners in the United States showed the following 
dose-response: miners exposed occupationally for 5 to  9.9 years had a 2-fold increase 
in risk; miners exposed for 10 to  24.9 years had a 3.6-fold increase in risk; and those 
exposed for greater than 24.9 years had a 3.75-fold increase in risk. Smoking was 
shown both t o  increase the risk of death from respiratory disease and t o  shorten the 
neoplastic latency period [Clayton and Clayton 1981, pp. 2010-20111. 

* Signs and symptoms of exposure 

1. Acute exposure: The signs and symptoms of acute exposure to uranium or an 
insoluble uranium compound include respiratory irritation, cough, and shortness of 
breath. 

2. Chronic exposure: The signs and symptoms of chronic exposure to  uranium or an 
insoluble uranium compound include those of lung damage: shortness of breath, dry or 
productive cough, rales, cyanosis, and clubbing of the fingers. Long-term exposure also 
may cause cancer of the blood-forming system, the lymph system, and the respiratory 
tract, as well as anemia and leukopenia. The signs and symptoms of  uranium-induced 
dermatitis may include irritation, redness, blistering, thickening, or hyperpigmentation 
of the skin. 

* Emergency procedures: 

I n  the event of an emergency, remove the victim from further exposure, send for 
medical assistance, and initiate the following emergency procedures: 

1. Eye exposure: I f  uranium or an insoluble uranium compound gets into the eyes, 
immediately flush the eyes with large amounts of water for a minimum of 15 minutes, 
lifting the lower and upper lids occasionally. I f  irritation persists, get medical attention 
as soon as possible. 

2 .  Skin exposure: I f  uranium or an insoluble uranium compound contacts the skin, the 
contaminated skin should be washed with soap and water. Contaminated body surfaces 
should immediately be decontaminated in accordance with radiation procedures. Get 
medical attention. 

3. Inhalation: I f  uranium or an insoluble uranium compound is inhaled, move the victim 
at  once t o  fresh air and get medical care as soon as possible. I f  the victim is not 
breathing, perform cardiopulmonary resuscitation; i f  breathing is difficult, give oxygen. 
Keep the victim warm and quiet until medical help arrives. 

4. Ingestion: I f  uranium or  an insoluble uranium compound is ingested, give the victim 
several alasses of water to drink and then induce vomitina bv havina the victim touch 



% the back of the throat with the finger o r  by giving syrup o f  ipecac as directed on the 
package. Do not force an unconscious or  convulsing person t o  drink liquids or to vomit. 
Get medical help immediately. Keep the victim warm and quiet until medical help 
arrives. 

5. Rescue: Remove an incapacitated worker from further exposure and implement 
appropriate emergency procedures (e.g., those listed on  the Material Safety Data Sheet 
required by OSHA's Hazard Communication Standard, 29 CFR 1910.1200). All workers 
should be familiar with emergency procedures and the location and proper use of 
emergency equipment. 

EXPOSURE SOURCES AND CONTROL METHODS 

The following operations may involve uranium and insoluble uranium compounds and 
lead to  worker exposures to  these substances: 

Mining, grinding, and milling of uranium ores 
Use in nuclear reactors as fuel and to  pack nuclear fuel rods and in the production 
of nuclear weapons 
Burning of uranium metal chips and smelting operations 
Use in the ceramics industry for pigments, coloring porcelain, painting on 
porcelain, and enamelling 
Use as catalysts for many reactions, in gas manufacture, and in production of 
fluorescent glass 
Use in photographic processes, for alloying steel, in radiation shielding, and in 
aircraft counterweights 
Use as a source of plutonium and radium salts 

Uranium hydride: 

* Use as a lab source for pure hydrogen, for separation of  hydrogen isotopes, and as a 
reducing agent 

Methods that  are effective in controlling worker exposures t o  uranium and insoluble 
uranium compounds, depending on the feasibility o f  implementation, are 

Process enclosure, 
Local exhaust ventilation, 
General dilution ventilation, and 
Personal protective equipment. 

The following publications are good sources of information on control methods: 

1. ACGIH [ 19861. Industrial ventilation--a manual of recommended practice. Cincinnati, 
OH: American Conference of Governmental Industrial Hygienists. 

2 .  Burton 03 [ 19861. Industrial ventilation--a self study companion. Cincinnati, OH: 
American Conference of Governmental Industrial Hygienists. 

3. Alden JL, Kane JM [1982]. Design of industrial ventilation systems. New York, NY: 
Industrial Press, Inc. 

4. Wadden RA, Scheff PA [1987]. Engineering design for control o f  workplace hazards. 
New York, NY: McGraw-Hill. 

5. Plog BA [ 19881. Fundamentals of industrial hygiene. Chicago, IL: National Safety 
Council. 

MEDICAL MONITORING 



* Workers who may be exposed to chemical and radiation hazards should be monitored in 
a systematic program of medical surveillance that  is intended to  prevent occupational 
injury and disease. The program should include education of employers and workers 
about work-related hazards, placement of  workers in jobs that do not jeopardize their 
safety o r  health, early detection of adverse health effects, and referral of workers for 
diagnosis and treatment. The occurrence of disease or  other work-related adverse 
health effects should prompt immediate evaluation of primary preventive measures 
(e.g., industrial hygiene monitoring, engineering controls, and personal protective 
equipment). A medical monitoring program is intended to  supplement, not replace, 
measures. To place workers effectively and to  detect and control work-related health 
effects, medical evaluations should be performed (1) before job placement, (2) 
periodically during the period of employment, and (3) a t  the t ime of  job transfer or 
termination. 

* Preplacement medical evaluation 

Before a worker is placed in a job with a potential for exposure to uranium or an 
insoluble uranium compound, the examining physician should evaluate and document 
the worker's baseline health status wi th thorough medical, environmental, and 
occupational histories, a physical examination, and physiologic and laboratory tests 
appropriate for the anticipated occupational risks. These should concentrate on the 
function and integrity of the kidneys, respiratory system, blood, liver, bone marrow, 
skin, and lymphatics. Medical monitoring for  respiratory disease should be conducted 
using the principles and methods recommended by NIOSH and the American Thoracic 
Society. 

A preplacement medical evaluation is recommended to assess an individual's suitability 
for employment at a specific job and to detect and assess medical conditions that may 
be aggravated or may result in increased risk when a worker is exposed to  uranium or 
an insoluble uranium compound at  or  below the prescribed exposure limit. The 
examining physician should consider the probable frequency, intensity, and duration of 
exposure as well as the nature and degree of any applicable medical condition. Such 
conditions (which should not be regarded as absolute contraindications to  job 
placement) include a history and other findings consistent with diseases of the kidneys, 
respiratory system, blood, liver, bone marrow, skin, or  lymphatics. 

* Periodic medical examinations and biological monitoring 

Occupational health interviews and physical examinations should be performed at  
regular intervals during the employment period, as mandated by any applicable 
State, o r  local standard. Where no standard exists and the hazard is minimal, 
evaluations should be conducted every 3 t o  5 years or as frequently as recommended 
by an experienced occupational health physician. Additional examinations may be 
necessary i f  a worker develops symptoms attributable t o  uranium exposure. The 
interviews, examinations, and medical screening tests should focus on identifying the 
adverse effects of uranium on the kidneys, respiratory system, blood, liver, bone 
marrow, skin, or  lymphatics. Current health status should be compared with the 
baseline health status of the individual worker or with expected values for a suitable 
reference population. 

Biological monitoring involves sampling and analyzing body tissues or fluids t o  provide 
an index of exposure to  a toxic substance or  metabolite. Urinary uranium 
concentrations correlate well with airborne uranium levels. Some sources report that  
urinary concen-trations of 50 bg uranium per liter o f  urine or 100 bg uranium per liter 
of urine correspond to  constant daily exposures o f  approximately 0.05 mg/m(3) or 0.25 
mg/m(3), respectively. Because there is great interindividual and intraindividual 
variability in urinary uranium concentrations, a pattern of urinary uranium excretion 
should be established for every exposed worker by sampling individuals at  the same 
time on several different shifts and by sampling frequently. 

* Medical examinations recommended a t  the t ime of  job transfer or termination 



The medical, environmental, and occupational history interviews, the physical 
examination, and selected physiologic o r  laboratory tests that  were conducted a t  the 
t ime of placement should be repeated at  the t ime of  job  transfer o r  termination to  
determine the worker's medical status a t  the end of  his or her employment. Any 
changes in the worker's health status should be compared with those expected for a 
suitable reference population. Because occupational exposure to  uranium or  an 
insoluble uranium compound may cause diseases with prolonged latent periods, the 
need for medical monitoring may extend well beyond the termination of employment. 

WORKPLACE MONITORING AND MEASUREMENT PROCEDURES 

Determination of a worker's exposure t o  airborne uranium or  an insoluble uranium 
compound (measured as uranium) is made using a mixed cellulose ester filter (0.8 
micron). Samples are collected at  a maximum flow rate of  2 liters per minute until a 
maximum air volume of 960 liters is collected. Analysis is conducted by neutron 
activation. This method is included in the OSHA In-House Methods File. 

PERSONAL HYGIENE PROCEDURES 

I f  uranium or  an insoluble uranium compound contacts the skin, workers should 
immediately wash the affected areas with soap and water. Contaminated body surfaces 
s h ou Id i m med ia tel y be decon t a  mi na ted in accordance with radiation procedures. 

Clothing contaminated with uranium or an insoluble uranium compound should be 
removed immediately, and provisions should be made for the safe 'removal o f  the 
chemical f rom the clothing. Persons laundering the clothes should be informed of the 
toxic and radioactive hazards of uranium. 

A worker who handles uranium or an insoluble uranium compound should thoroughly 
wash hands, forearms, and face with soap and water before eating, using tobacco 
products, o r  using toilet facilities. 

Workers should not eat, drink, or use tobacco products in areas where uranium or an 
insoluble uranium compound is handled, processed, o r  stored. 

STORAGE 

Uranium and insoluble uranium compounds should be stored in a cool, dry, well- 
ventilated area in tightly sealed containers that  are labeled in accordance with OSHA's 
Hazard Communication Standard [29 CFR 1910.12001. Containers of uranium or  of 
insoluble uranium compounds should be protected from physical damage and should be 
stored separately from carbon dioxide, carbon tetra-chloride, nitric acid, air, nonmetals, 
heat, sparks, and open flame. Uranium hydride should not be allowed t o  contact air, 
water, strong oxidizers, or  halogenated hydrocarbons. Because empty containers that  
formerly contained uranium or a uranium compound may still hold product residues, 
they should be handled appropriately. 

SPILLS AND LEAKS 

In  the event of a spill or  leak involving uranium or an insoluble uranium compound, 
persons not  wearing protective equipment and clothing should be restricted from 
contaminated areas until cleanup has been completed. A clean-up plan must be 
available t o  address an accidental leak or  spill of uranium or an insoluble uranium 
compound because special radiation procedures are required and professional 
assistance is needed. The following steps should be undertaken following a spill or  leak: 

1. Do not touch the spilled material; stop the leak i f  it is possible to  do so without risk. 

2. Notify safety personnel. 



' 3. Remove all sources of  heat and ignition. ~ 

4. Ventilate the area of the spill or  leak. 

5 .  Protect cleanup personnel from contact with or inhalation of uranium dust. 

EMERGENCY PLANNING, COMMUNITY RIGHT-TO-KNOW, AND HAZARDOUS 
WASTE MANAGEMENT REQUIREMENTS 

The Environmental Protection Agency's (EPA's) regulatory requirements for emergency 
planning, community right-to-know, and hazardous waste management may vary over 
time. Users are therefore advised to  determine periodically whether new information is 
ava ita ble. 

* Emergency planning requirements 

Uranium and insoluble uranium compounds are not subject to EPA emergency planning 
requirements under the Superfund Amendments and Reauthorization Act (Title 111). 

* Reportable quantity requirements (releases of hazardous substances) 

Employers are not required by the emergency release notification provisions of  the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) [40 
CFR Part 355.401 t o  notify the National Response Center of an accidental release of 
uranium or an insoluble uranium compound; there is no reportable quantity for these 
substances. 

* Community rig h t-to - kno w requirements 

Employers are not required by Section 313 of the Superfund Amendments and 
Reauthorization Act (SARA) t o  submit a Toxic Chemical Release Inventory form (Form 
R) to  EPA reporting the amount of uranium or an insoluble uranium compound emitted 
or  released from their facility annually. 

* Hazardous waste management requirements 

EPA considers a waste to  be hazardous i f  it exhibits any of the following characteristics: 
ignitability, corrosivity, reactivity, o r  toxicity, as defined in 40 CFR 261.21-261.24. 
Under the Resource Conservation and Recovery Act (RCRA), €PA has specifically listed 
many chemical wastes as hazardous. Although uranium and insoluble uranium 
compounds are not specifically listed as a hazardous waste under RCRA, EPA requires 
employers to treat any waste as hazardous if it exhibits any of the characteristics 
discussed above. 

Providing more information about the removal and disposal of specific chemicals is 
beyond the scope of this guideline. EPA, U.S. Department of Transportation, and State 
and local regulations should be followed to  ensure that removal, transport, and disposal 
o f  this substance are conducted in accordance with existing regulations. To be certain 
that chemical waste disposal meets EPA regulatory requirements, employers should 
address any questions to the RCRA hotline a t  (202) 382-3000 (in Washington, D.C.) o r  
toll-free a t  (800) 424-9346 (outside Washington, D.C.). I n  addition, relevant State and 
local authorities should be contacted for information on any requirements they may 
have for the waste removal and disposal of this substance. 

RESPIRATORY PROTECTION 

* Conditions for respirator use 

Good industrial hygiene practice requires that  engineering controls be used where 
feasible to reduce workolace concentrations of hazardous materials to  the Drescribed 



* exposure limit. However, some situations may require the use of respirators t o  control 
exposure. Respirators must be worn if the ambient concentration of uranium or an 
insoluble uranium compound exceeds prescribed exposure limits. Respirators may be 
used (1) before engineering controls have been installed, (2) during work operations 
such as maintenance or  repair activities that  involve unknown exposures, (3) during 
operations that require entry into tanks or  closed vessels, and (4) during emergency 
situations. If the use of  respirators is necessary, the only respirators permitted are 
those that have been approved by NIOSH and the Mine Safety and Health 
Administration (MSHA). 

* Respiratory protection program 

Employers should institute a complete respiratory protection program that, a t  a 
minimum, complies with the requirements of  OSHA's Respiratory Protection Standard 
[29 CFR 1910.1341. Such a program must include respirator selection (see Table l), an 
evaluation of the worker's ability to  perform the work while wearing a respirator, the 
regular training of personnel, fit testing, periodic workplace monitoring, and regular 
respirator maintenance, inspection, and cleaning. The implementation of an adequate 
respiratory protection program (including selection of the correct respirator) requires 
that a knowledgeable person be in charge of  the program and that the program be 
evaluated regularly. For additional information on the selection and use of respirators 
and on the medical screening of respirator users, consult the NIOSH Respirator 
Decision Logic and the NIOSH Guide to Industrial Respiratory Protection. 

Table 1 lists the respiratory protection that  NIOSH recommends for workers exposed to 
uranium or an insoluble uranium compound. The recommended protection may vary 
over t ime because of changes in the exposure limit for uranium or the insoluble 
uranium compounds or in respirator certification requirements. Users are therefore 
advised to  determine periodically whether new information is available. 

PERSONAL PROTECTIVE EQUIPMENT 

Protective clothing should be worn to  prevent skin contact with uranium or  an insoluble 
uranium compound. Impervious gloves, boots, and aprons should be worn as 
appropriate when handling any of these substances. Chemical protective clothing should 
be selected on the basis of available performance data, manufacturers' 
recommendations, and evaluation of the clothing under actual conditions of  use. No 
reports have been published on the resistance of  various protective clothing materials 
t o  permeation by uranium or an insoluble uranium compound; however, one source 
recommends natural rubber, neoprene, o r  polyvinyl chloride as a protective clothing 
material. I f  permeability data are not readily available, protective clothing 
manufacturers should be requested t o  provide information on the best chemical 
protective clothing for workers to  wear when they are exposed to uranium o r  an 
insoluble u ra ni u m com pou nd . 

I f  uranium or an insoluble uranium compound is dissolved in an organic solvent, the 
permeation properties of both the solvent and the mixture must be considered when 
selecting personal protective equipment and clothing. 

Safety glasses, goggles, or faceshields should be worn during operations in which 
uranium or an insoluble uranium compound might contact the eyes. Eyewash fountains 
and emergency showers should be available within the immediate work area whenever 
the potential exists for eye or skin contact with uranium or  its insoluble compounds. 
Contact lenses should not be worn i f  the potential exists for exposure to  any of  these 
substances. 
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Table 1 
NIOSH recommended respiratory protection for workers exposed to uranium or  an 

insoluble uranium compound* 

Condition Minimum respiratory protection* * 

Airborne concentration of uranium or  an insoluble uranium compound: 

0.2 t o  2 mg/m(3) 
(10 X PEL) 

Any air-purifying, half-mask respirator equipped with a fume 
or high-efficiency filter approved for radon daughters o r  
rad ion ucl ides, or  

Any air-purifying, full-facepiece respirator equipped with a 
fume filter approved for radon daughters, o r  

Any supplied-air respirator equipped with a half mask and 
operated in a demand (negative-pressure) mode 

Any powered, air-purifying respirator equipped with a hood or 
helmet and a fume or high-efficiency filter approved for radon 
daughters or radio-nuclides, or  

0.2 t o  5 mg/m(3) 
(25 X PEL) 

Any supplied-air respirator equipped with a hood or helmet 
and operated in a continuous-flow mode 

0.2 t o  10 mg/m(3) 
(50 X PEL) 

Any air-purifying, full-facepiece respirator equipped with a 
high-efficiency filter approved for radon daughters o r  radio- 
nuclides, or  

Any powered, air-purifying respirator equipped with a t ight- 
fitting facepiece and a high-efficiency filter approved for 



radon daughters or  radio-nuclides, or  

0.2 to 30 mg/m(3) 
(150 X PEL) 

Entry into IDLH(+) 
or unknown 
concentrations 

Fire fighting 

Escape 

Any supplied-air respirator equipped with a full facepiece and 
operated in a demand (negative-pressure) mode, or 

Any supplied-air respirator equipped with a tight-fitting 
facepiece and operated in a continuous-flow mode, or 

Any self-contained respirator equipped with a full facepiece 
and operated in a demand (negative-pressure) mode 

Any supplied-air respirator operated in a pressure-demand or 
other positive-pressure mode 

Any self-contained respirator equipped with a full facepiece 
and operated in a pressure-demand or other positive- 
pressure mode, or 

Any supplied-air respirator equipped with a full facepiece and 
operated in a pressure-demand or  other positive-pressure 
mode in combination with an auxiliary self-contained 
breathing apparatus operated in a pressure-demand or other 
positive-pressure mode 

Any self-contained respirator equipped with a full facepiece 
and operated in a pressure-demand or other positive- 
pressure mode 

Any air-purifying, full-facepiece respirator equipped with a 
high-efficiency filter approved for radon daughters or 
radionuclides, or 

Any escape-type, self-contained breathing apparatus with a 
suitable service life (number of minutes required to escape 
the environment) 

* The OSHA PEL is 0.2 mg/m(3) as an 8-hour TWA. No NIOSH REL has been issued. 

** Only NIOSH/MSHA-approved equipment should be used. Also note the following: 

1. Respirators accepted for use a t  higher concentrations may be used a t  lower 
concentrations; respirators must not, however, be used a t  concentrations higher than 
those for which they are approved. 

2.  Air-purifying respirators may not be used in oxygen-deficient atmospheres or  in 
airborne concentrations that are immediately dangerous to  life or health (IDLH). 

(+) The uranium or  an insoluble uranium compound concentration that is immediately 
dangerous to  life and health (IDLH) is 30 mg/m(3) [NIOSH 1987bI. 
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Introduction 

While performing the nuclear criticality safety cvaluation (NCSE) for disposal of drums 
of UOj currently stored in F-Area [I] ,  safe sphcrical mass values for several different 
*"U enrichments were calculatcd. This information was not included in the NCSE, but is 
documented in this memorandum in the event that it could be of use at sorncmr&rne.. . 2-. --7: * ~. 

MethodoIogy 

Monte Carlo calculations were used to perform the calculations for the UO3 spherical 
safe mass calculations. A configuration controlled version of MCNP 4C was used to 
perform these calculations. MCNP 4C is a general purpose Monte Carlo radiation 
transport code that numerically simulates ncutral and charged particle transport histories, 
using continuous energy cross-section libraries and general three-dimensional geometry. 
The MCNP code was developed by, and is maintained at, the Los Alamos National 
Laboratory. Configuration control of MCNP 4C is documented for the Washington 
Safety Management Solutions (WSMS) LINUX workstation cluster in Reference 2. A 
sample input file for the calculations is provided in Appendix A. 

A ksAm of 0.948 was used as the acceptance criteria for these calculations. The 
derivation of this kSAFE value and discussion of Area of Applicability (AOA) for this 
material is documented in Reference 1. Calculated values of kea + 20 
indicate configurations that are safely subcritical. Configurations with calculated 
ken+ 2 0  2 kshFE will be considered unacceptable. For this evaluation, CY is defined as the 
statistical uncertainty associated with the MCNP 4C calculations. 

ksAFE will 

U03Iwater mixtures in spherical geometry are modeled in these calculations. The water 
content of the mixture is varied from 0 to 40 weight percent so that the point of optimum 
moderation can be determined. Each sphere is reflected with 30 cm of water. 
Calculations were performed for 235U enrichment values of 1.084 (the maximum for the 
stored U03), 1.05, 1 .O, and 0.99 weight percent %. The mass values reported in the 
results section of this document were determined with the assistance of scoping 
calculations that are not reportcd here. 

Thc' ENDF/B-VI cross sections supplied with MCNP 4C are used cxclusivcly in these 
calculations exccpt for thc S(a,P) cross section for hydrogen in water which is based on 
ENDF/B-V. The following materials are used in the MCNP calculations for the U03 safc 
mass calculations: 

1) Various uranium trioxide (U03) solutions are modeled with an isotopic 
enrichment of 1.084% U-235 (cross sections 92235.60c, 92238.60~ 1001 .Wc, 
and 8016.GOc). The mass density of U 0 3  used is 7.29 g/cm3 (31 and the mass 
density of water used is 1 .O g/cm3. Thermal scattering from the hydrogcn in thcse 
mixtures is modeled with the 300 K light water S(a,p) table (Iwtr.01 t). 
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Internal HI0  
Content, keff 0 kcff + 20 

Wt% HzO 

2)  Plain water is modeled as 2 atoms of H and 1 atom of 0. Cross sections 
1001.6&, and 8016.60~ and a mass density of I .O g/cm3 are used. Thermal 
scattering from the hydrogcn in water is modeled with the 300 K light water 
S(a,j3) table (lwtr.01 t). 

ud39 1 0 
ud40 5 

Results 

0.4736 0.0004 1 0.4745 
0.8142 0.0006 0.8153 

The results of the spherical safc mass calculations are provided in Table 1. 

ud41 
ud42 

- 

10 0.9235 0.0006 0.9246 
12.5 0.9410 0.0006 0.942 1 

5.25 metric tons of UO3 @, 'j' U Enrichment = 1.084 wt%, 

ud37 I 15 0.9466 0.0006 0.9477 
ud43 
ud44 

17.5 0.9450 0.0005 0.946 1 
20 0.9374 0.0005 0.9384 

ud45 30 0.8684 0.0004 0.8692 
ud46 40 0.7708 0.0004 0.77 15 

J 

14.5 metric tons of UO, @ '3'U Enrichment = 1.00 wt%, 
I 

0.0004 0.4667 udG7 0 0.4658 
ud68 5 0.8364 0.0006 0.8375 
ud69 10 0.9335 0.0005 0.9346 



I 
Washington Safety Management Solutions, LLC 
SRS Criticality Safety Group - 

WS MS -CRT-04-002 6 
Page 4 of G 

Table 1: Spherical Safe Mass Calculation Results 

--- 

17.1 metric tons ofUO3 @ 235 U Enrichment = 0.99 wt%, 

Conclusions 

As shown in the results above, the safe spherical mass values for UO3 at different 
enrichments are as follows: 

1.084 Wt% 5.25 MT 
1.05 Wt% 7.5 MT 
1 .oo Wt% 14.5 MT 
0.99 Wt% 17.1 MT 



Washington Safety Management Solutions, LLC 
SRS Criticality Safety Group - 
References 

W S M S-CRT-04-0026 
Page 5 of 6 

1. Taylor, R. P., Nuclear Criticalitv Saktv Evaluation: Disposal Of Drums 
Containing UOt From F-Area, N-NCS-F-00108, Revision 0, March 2004. 

-. - .  2. ... 1 .  Sofiare Oualitv Assurance Implementation Checklist for MCNP 4C, W S M S -  - = - = * .. 
CRT-01-0101, August 2001. 

3. Petrie, L. M., Fox, P. B., and Lucius, K., Standard Comuosition Library, 
NUREGKR-0200, Revision 5 ,  SCALE Computer System, Volume 3, Section 
M8, Oak Ridge National Laboratory, Oak Ridge, TN, March, 1997. 



Washington Safety Management Solutions, LLC 
SRS Criticality Safety Group - 

W SMS -CRT-04-0026 
Page G of 6 

Appcndix A Sample MCNP 4C Input File 

One of the MCNP 4C input files used in the spherical safe mass calculations is provided 
below. This basic input file was used for all drum calculations with necessary changes to 
material composition depending on the requirements of the case. File ud37 models a 
sphere containing 5.25 rnzlric tons of UO3 at a 235U enrichment of 1.084 weight percent - .  

with sufficient water such that the water content of the sphere is 15 wt% water. The 
sphere is reflected with 30 cm of water. 

. 

File ud37 

UOI Disposal. Evaluator - R. P.  Taylor, 3/8 /04  
C 
C 5.25 M 003, 1 . 0 8 4 t  U-235 
c Sphere, 15 rtt H20. f u l l  reflection 
1 1 -1 .7509 -1 
2 2 -1.0000 -2 t l  
999 0 2 

1 so 73.2551 
2 so 103.2551 

kcode 2000 1.0 50 575 So000 
ksrc 0 0 0 

c UO3 mixture 
prdw 3 1  1 

m l  92238.60C -0.699607 
92235.60C -0 .007660  
8016.60C -0.275861 
1001.60C -0.016’184 

mtl lwtr.0lt 
c water 
m2 1001.60c 2 

8016.60~ 1 
nt2 1utr.Olt 

inp:n=l 
ing:n-l 
imp:n-O 
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LEUO 5 5  Gallon Drum IP-1 Container 

The information in this report documents the LEUO 55 Gallon Drum Ie-1 
Container design compliance with 49 CFR requirements for IP- 1 packaging. 
The document contains a 1) Regulatory Compliance Summary and Shipper 
Duties, and 2) Closing Instructions (Attachment 1). 

1 
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REGULATORY REQUIREMENT 

PART 173--SHIPPERS-GENEUL 
REQUIREMENTS FOR SHIPMENTS AND 
PACKAGMGS-Table of Contents 
Subpart &Preparation of Hazardous 
Materials for Transportation 

Sec. 173.24 General requirements for 
packagings and packages. 

(a) Applicability. Except as otherwise 
provided in this subchapter, the provisions 
of this section apply to- 
(1) Bulk and non-bulk packagings; 
(2) New packagings and packagings 

(3) Specification and non-specification 
which are reused; and 

packagings. 

(b) Each package used for the shipment of 
hazardous materials under this subchapter 
shall be designed, constructed, maintained, 
filled, its contents so limited, and closed, 
so that under conditions normally incident 
to transportation- 
(1) Except as otherwise provided in this 

subchapter, there will be no 
identifiable (without the use of 
instruments) release of hazardous 
materials to the environment; 

(2) The effectiveness of the package will 
not be substantially reduced; for 
example, impact resistance, strength, 
packaging compatibility, etc. must be 
maintained for the minimum and 
maximum temperatures encountered 
during transportation; 

(3) There will be no mixture of gases or 
vapors in the package, which could, 
through any credible spontaneous 
increase of heat or pressure, 
significantly reduce the effectiveness 
of the packaging. 

(c) Authorized packagings. A packaging is 
authorized for a hazardous material only if 

4CTION REQUIRED 
4ND BY WHOM 

Shipper to ensure. 

Shipper to ensure. 

To be considered during 
package design 
evaluagtion. 

Shipper to ensure. 

To be considered during 
design evaluation. 

Shipper to ensure. 

JOMPLIANCE BY LEUO 55 
;ALLON DRUM CONTAINER 

rhis packaging has been 
:valuated herein and meets DOT 
P- 1 packaging criteria of 
I 73.4 1 1 (b). The packaging 
:onsists of a 16 gauge 55 gallon 
5alvanized carbon steel drum 
with three rolling hoops 
nanufactured to the DOT 17C 
:onstruction specification, 16 
Zauge removable lid, 12 gauge 
:losure ring with 518" diameter 
Jolt and nut, and an elastomer 
gasket (see FSS-TS-2004-000 1 
for gasket/materials evaluation). 

This packaging meets this 
requirement by confining 
Eontents within a carbon steel 
drum, with elastomer gasket and 
lid held together by a ring 
closure with 518" bolt and nut. 

rhis packaging meets this 
.equirement by incorporating a 
:ommercially supplied, vibration 
resistant, 55 gallon open head 
bun. 

Shipper to ensure that contents 
loaded into package conform to 
the appropriate content category 
(e.g. LSA content). 

2 
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(1) The packaging is prescribed or 
permitted for the hazardous material 
in a packaging section specified for 
that material in Column 8 of the Sec. 
172.10 1 table and conforms to 
applicable requirements in the special 
provisions of Column 7 of the Sec. 
172.101 table and, for specification 
packagings (but not including UN 
standard packagings manufactured 
outside the United States), the 
specification requirements in parts 178 
and 179 of this subchapter; or 

(2) The packaging is permitted under, and 
conforms to, provisions contained in 
Secs. 171.1 1, 171.12, 171.12% 173.3, 
173.4, 173.5, 173.7, 173.27,or 176.11 
of this subchapter. 

i) Specification packagings and UN standard 
packagings manufactured outside the U.S. 
(1) Specification packagings. A 

specification packaging, including a 
UN standard packaging manufactured 
in the United States, must conform in 
all details to the applicable 
specification or standard in part 178 or 
part 179 of this subchapter. 

manufactured outside the United 
States. A UN standard packaging 
manufactured outside the United 
States, in accordance with national or 
international regulations based on the 
UN Recommendations (see Sec. 171.7 
of this subchapter), may be imported 
and used and is considered to be an 
authorized packaging under the 
provisions of paragraph 8(1) of this 
section, subject to the following 
conditions and limitations: 
(i) The packaging l l l y  conforms to 

applicable provisions in the UN 
Recommendations and the 
requirements of this subpart, 
including reuse provisions; 

(ii) The packaging is capable of 
passing the prescribed tests in pa 
178 of this subchapter applicable 
to that standard; and 

(iii) The competent authority of the 
country of manufacture provides 
reciprocal treatment for UN 
standard packagings 
manufactured in the US.  

(2) UN standard packagings 

(e) Compatibility. 

;hiDDer to ensure. 

;hipper is responsible to 
mure  that the packaging 
:sed is in compliance 
with this design 

#hipper responsible to 
nsure that the packaging 
.ardware used is in 
ompliance with the 
iackaging design. 

rhis packaging has been 
lualified herein to meet the IP-1 
.equirements specified in 49 
2FR 173.41 l(b). 

This packaging has been 
qualified to meet the IP-1 
requirements specified in 49 
CFR 173.41 I@). 

NA 

3 
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( I )  Even though certain packagings are 
specified in this part, it is, 
nevertheless, the responsibility of the 
person offering a hazardous material 
for transportation to ensure that such 
packagings are compatible with their 
lading. This particularly applies to 
corrosivity, permeability, softening, 
premature aging and embrittlement. 

(2) Packaging materials and contents must 
be such that there will be 
no significant chemical or galvanic 
reaction between the materials and 
contents of the package. 

(3) Plastic packagings and receptacles. 
I 

(i) Plastic used in packagings and 
receptacles must be of a type 
compatible with the lading and 
may not be permeable to an 
extent that a hazardous condition 
is likely to occur during 
transportation, handling or 
refilling. 

(ii) Each plastic packaging or 
receptacle which is used for liquid 
hazardous materials must be 
capable of withstanding without 
failure the procedure specified in 
appendix B of this part 
(“Procedure for Testing Chemical 
Compatibility and Rate of 
Permeation in Plastic Packagings 
and Receptacles”). The procedure 
specified in appendix B of this 
part must be performed on each 
plastic packaging or receptacle 
used for Packing Group I 
materials. The maximum rate of 
permeation of hazardous lading 
through or into the plastic 
packaging or receptacles may not 
exceed 0.5 percent for materials 
meeting the definition of a 
Division 6.1 material according ts 
Sec. 173.132 and 2.0 percent for 
other hazardous materials, when 
subjected to a temperature no 
lower than- 

(A) 18 deg.C (64 deg.F) for 181 
days in accordance with Tes 

Shipper to ensure. 

hipuer to ensure. 

hipuer to ensure. 

Shipper responsible to ensure 
hat the packaging is loaded with 
:ontents that are compatible with 
Jackaging materials (galvanized 
iteel drum and lid, and elastomer 
gasket). The packaging 
materials are durable for many 
:ontent forms. Shipper to follow 
QC requirements in 49 CFR 
173.475. 

Shipper to ensure chemical 
mpatibility between contents 
id packaging. 

IA. 

JA 

_. 

1 
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Method 1 in appendix B of 
this part; 

(B) SO deg.C (122 deg.F) for 28 
days in accordance with Test 
Method 2 in appendix B of 
this part; or 

(C) 60 deg.C (140 deg.F) for 14 
days in accordance with Test 
Method 3 in appendix B of 
this part. 

(iii) Alternative procedures or rates of 
permeation are permitted if they 
yield a level of safety equivalent 
to or greater than that provided by 
paragraph (e)(3)(ii) of this section 
and are specifically approved by 
the Associate Administrator. 

(4) Mixed contents. Hazardous materials 
may not be packed or mixed together 
in the same outer packaging with other 
hazardous or 
nonhazardous materials if such 
materials are capable of reacting 
dangerously with each other and 
causing- 

(i) Combustion or dangerous 
evolution of heat; 

(ii) Evolution of flammable, 
poisonous, or asphyxiant gases; or 

(iii) Formation of unstable or 
corrosive materials. 

( 5 )  Packagings used for solids, which may 
become liquid at temperatures likely 
to be encountered during 
transportation, must be capable of 
containing the hazardous material in 
the liquid state. 

( f )  Closures. 

( I )  Closures on packagings shall be so 
designed and closed that under 
conditions (including the effects of 
temperature and vibration) normally 
incident to transportation- 

(i) Except as provided in 
paragraph (g) of this section, 
there is no identifiable release 
of hazardous materials to the 
environment from the opening 
to which the closure is applied; 

I and 

;hipper to ensure. 

Shipper to ensure. 

Shipper to ensure. 

'hipper to ensure. 

Shipper to ensure. This 
lackaging is designed for solids 
mly. Damp contents may be 
oaded into packaging, but shall 
lot result in free standing water. 

Shipper to ensure proper closure 
instructions are followed. See 
Attachment 1 for closure 
instructions. 
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(ii) The closure is secure and 
leakproof. (2) Except as 
otherwise provided in this 
subchapter, a closure (including 
gaskets or other closure 
components, if any) used on a 
specification packaging must 
conform to all applicable 
requirements of the 
specification. 

;) Venting. Venting of packagings, to reduce 
internal pressure which may develop by 
the evolution of gas from the contents, is 
permitted only when- 

(1) Transportation by aircraft is not 
involved; 

(2) Except as otherwise provided in this 
subchapter, the evolved gases are not 
poisonous, likely to create a 
flammable mixture with air or be an 
asphyxiant under normal conditions of 
transportation; 

(3) The packaging is designed so as to 
preclude an unintentional release of 
hazardous materials from the 
receptacle; and 

(4) For shipments in bulk packagings, 
venting is authorized for the specific 
hazardous material by a special 
provision in the Sec. 172.101 table or 
by the applicable bulk packaging 
specification in part 178 of this 
subchapter. 

h) Outage and filling limits- 

(1) General. When filling packagings and 
receptacles for liquids, sufficient ullagc 
(outage) must be left to ensure that 
neither leakage nor permanent 
distortion of the packaging or 
receptacle will occur as a result of an 
expansion of the liquid caused by 
temperatures likely to be encountered 
during transportation. Requirements 
for outage and filling limits for non- 
bulk and bulk packagings are specified 
in Secs. 173.24a(d) and 173.24b(a), 
respectively. 

Shipoer to ensure. 

- NA 

Shipper to ensure proper closure 
instructions are followed. 

Note: Shipper to follow closure 
instructions provided in 
Attachment 1 

There are no vents on this 
packaging design. 

I 

This packaging is not designed 
for liquids. 

_. 

6 
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(2) Compressed gases and cryogenic 
liquids. Filling limits for compressed 
gases and cryogenic liquids are 
specified in Secs. 173.301 through 
173.306 for cylinders and Secs. 
173.314 through 173.319 for bulk 
packagings. 

) Air transportation. Packages offered or 
intended for transportation by aircraft must 
conform to the general requirements for 
transportation by aircraft in Sec. 173.27, 
except as provided in Sec. 17 1.1 1 of this 
subchapter. 

ART 173-SHIPPERS--GENERAL 
EQUIREMENTS FOR SHIPMENTS AND 
ACKAGINGS-Table of Contents 

ubpart %Preparation of Hazardous 
laterials for Transportation 

ec. 173.24a Additional general requirements 
3r non-bulk packagings and packages. 

Packaging design. Except as provided in 
Sec. 172.312 of this subchapter: 

(1) Inner packaging closures. A 
combination packaging containing 
liquid hazardous materials must be 
packed so that closures on inner 
packagings are upright. 

(2) Friction. The nature and thickness of 
the outer packaging must be such that 
friction during transportation is not 
likely to generate an amount of heat 
sufficient to alter dangerously the 
chemical stability of the contents. 

\IA 

NA 

Designer to do and 
shipDer to ensure. 

I'his packaging is not designed 
for air transport. 

This packaging not designed for 
liquid contents. 

The LEUO 5 5  Gallon Drum 
contents will not be affected by 
friction induced heat generation. 
The oxide material (much like 
sand) is chemically stable and at 
equilibrium in the drum. There 
will be minimal friction 
generated heat. No measurable 
temperature increase due to 
friction induced heat generation 
will occur because of the 1) larg 
thermal mass of the LEUO 
contents, 2) good conductivity o 
the metal drum, and 3) relativel) 
small motion that will occur 
between the contents and metal 
packaging materials. 

7 
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(3) Securing and cushioning. Inner 
packagings of combination 
packagings must be so packed, 
secured and cushioned to prevent their 
breakage or leakage and to control 
their movement within the outer 
packaging under conditions normally 
incident to transportation. Cushioning 
material must not be capable of 
reacting dangerously with the 
Contents of the inner packagings or 
having its protective properties 
significantly weakened in the event of 
leakage. 

(4) Metallic devices. Nails, staples and 
other metallic devices shall not 
protrude into the interior of the outer 
packaging in such a manner as to be 
likely to damage inner packagings or 
receptacles. 

(4) Vibration. Each non-bulk package 
must be capable of withstanding, 
without rupture or leakage, the 
vibration test procedure specified in 

(1) A single or composite 
non-bulk packaging may be filled witl 
a liquid hazardous material only when 
the specific gravity of the material 
does not exceed that marked on the 
packaging, or a specific gravity of I .2 
if not marked, except as follows: 

(i) A Packing Group I packaging 
may be used for a Packing Group 
I1 material with a specific gravity 
not exceeding the greater of 1.8, 
or 1.5 times the specific gravity 

I 

)esigner to do and 
hipper to ensure. 

lesimer to do and 
himer to ensure. 

lesigner to do and 
;hipper to ensure. 

NA 

he LEUO will be confined in 
n inner 3-6 mil plastic liner 
dhin the LEUO 55 gallon 
rum. The liner is constrained 
etween the contents and the 
rum so movement is minimal. 
lo containment credit is taken 
)r the liner. 

h e  55 gallon galvanized steel 
rum has a smooth interior. The 
.EUO content conforms to the 
nside of the container and has 
,o metallic feature likely to 
!amage the drum. 

?fty five gallon open head drum 
iackages have been used for 
lecades in transportation and 
lave proven vibration resistance. 

This packaging is not designed 
for liquid contents. 

.. 

8 
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provided all the performance 
criteria can still be met with the 
higher specific gravity material; 

(ii) A Packing Group I packaging 
may be used for a Packing Group 
I11 material with a specific gravity 
not exceeding the greater of 2.7, 
or 2.25 times the specific gravity 
marked on the packaging, 
provided all the performance 
criteria can still be met with the 
higher specific gravity material; 
and 

(iii) A Packing Group I1 packaging 
may be used for a Packing Group 
I11 material with a specific gravity 
not exceeding the greater of 1.8, 
or 1.5 times the specific gravity 
marked on the packaging, 
provided all the performance 
criteria can still be met with the 
higher specific gravity material. 

(2) Except as otherwise provided in this 
section, a non-bulk packaging may not 
be filled with a hazardous material to 
a gross mass greater than the 
maximum gross mass marked on the 
packaging. 

packaging which is tested and marked 
for liquid hazardous materials may be 
filled with a solid hazardous materia1 
to a gross mass, in kilograms, not 
exceeding the rated capacity of the 
packaging in liters, multiplied by the 
specific gravity marked on the 
packaging, or 1.2 if not marked. In 
addition: 
(i) A single or composite non-bulk 

packaging which is tested and 
marked for Packing Group I 
liquid hazardous materials may bc 
filled with a solid Packing Group 
I1 hazardous material to a gross 
mass, in kilograms, not exceedini 
the rated capacity of the 
packaging in liters, multiplied by 
1.5, multiplied by the specific 
gravity marked on the packaging 
or 1.2 if not marked. 

(ii) A single or composite non-bulk 
packaging which is tested and 
marked for Packing Group I 

(3) A single or composite non-bulk 

Shipper to ensure. 

- NA 

Gross m a s  shall not exceed the 
900 pound capacity of the IP-1 
package. 

This packaging is not designed 
nor tested for liquids. 

9 
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liquid hazardous materials may be 
filled with a solid Packing Group 
111 hazardous material to a gross 
mass, in kilograms, not exceeding 
the rated capacity of the 
packaging in liters, multiplied by 
2.25, multiplied by the specific 
gravity marked on the packaging, 
or 1.2 if not marked. 

packaging which is tested and 
marked for Packing Group I1 
liquid hazardous materials may be 
filled with a solid Packing Group 
I11 hazardous material to a gross 
mass, in kilograms, not exceeding 
the rated capacity of the 
packaging in liters, multiplied by 
1.5, multiplied by the specific 
gravity marked on the packaging, 
or 1.2 if not marked. 

(iii) A single or composite non-bulk 

(4) Packagings tested as prescribed in 
Sec. 178.605 of this subchapter and 
marked with the hydrostatic test 
pressure as prescribed in Sec. 
178.503(a)(j) of this subchapter may 
be used for liquids only when the 
vapor pressure of the liquid conforms 
to one of the following: 
(i) The vapor pressure must be such 

that the total pressure in the 
packaging (i.e., the vapor pressure 
of the liquid plus the partial 
pressure of air or other inert 
gases, less 100 kPa (15 psia)) at 
55 deg.C (131 deg.F), 
determined on the basis of a 
maximum degree of filling in 
accordance with paragraph (d) of 
this section and a filling 
temperature of 15 deg.C (59 
deg.F)), will not exceed two- 
thirds of the marked test pressure; 

(ii) The vapor pressure at 50 deg.C 
(1 22 deg.F) must be less than 
four-sevenths of the s u m  of the 
marked test pressure plus 100 kp; 
(1 5 psia); or 

The vapor pressure at 55 
deg.C (1 3 1 deg.F) must be 
less than two-thirds of the 
s u m  of the marked test 
pressure plus 100 kPa ( 15 
psia). 

(iii) 

I 

l i s  packaging is not designed 
or liquid contents. 

_. 

1 
10 



- 
LEU0 55 Gallon Drum IP- 1 Container, FSS-TS-2004-0005,6/07/2004 

(5) No hazardous material may remain on 
the outside of a package after tilling. 

:) Mixed contents. 

(1) An outer non-bulk packaging may 
contain more than one hazardous 
material only when- 
(i) The inner and outer packagings 

used for each hazardous materia1 
conform to the relevant packaging 
sections of this part applicable to 
that hazardous material; 

(ii) The package as prepared for 
shipment meets the performance 
tests prescribed in part 178 of this 
subchapter for the packing group 
indicating the highest order of 
hazard for the hazardous 
materials contained in the 
package; 

O M - D )  in bottles are further 
packed in securely closed inner 
receptacles before packing in 
outer packagings; and 

(iv) For transportation by aircraft, the 
total net quantity does not exceec 
the lowest permitted maximum 
net quantity per package as show 
in Column 9a or 9b, as 
appropriate, of the Sec. 172.101 
table. The permitted maximum 
net quantity must be calculated in 
kilograms if a package contains 
both a liquid and a solid. 

(2) A packaging containing inner 
packagings of Division 6.2 materials 
may not contain other hazardous 
materials, except dry ice. 

(iii) Corrosive materials (except 

hiDDer to ensure. 

iA 

- NA 

hipper responsible to ensure 
iat instructions are followed to 
revent contamination of the 
utside of the package. 
lhipper is responsible to ensure 
nat packaging is loaded with 
ppropriate contents and that the 
ium is closed in accordance 
vith closure instruction. 

rhis packaging is not a 
:ombination packaging. 

This packaging is not designed 
for air transport. 

11 
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(d) Liquids must not completely fill a 
receptacle at a temperature of 55 deg.C 
(13 1 deg.F) or less. 

PART 173-SHIPPERS4ENERAL 
REQUIREMENTS FOR SHIPMENTS AND 
PACKAGINGS-Table of Contents 

Subpart I -Class  7 (Radioactive) Materials 

Sec. 173.410 General design requirements. 

In addition to the requirements of subparts A 
and B of this part, each package used for the 
shipment of Class 7 (radioactive) materials 
must be designed so that- 

(a) The package can be easily handled and 
properly secured in or on a conveyance 
during transport. 

(b) Each lifting attachment that is a structural 
part of the package must be designed with 
a minimum safety factor of three against 
yielding when used to lift the package in 
the intended manner, and it must be 
designed so that failure of any lifting 
attachment under excessive load would no1 
impair the ability of the package to meet 
other requirements of this subpart. Any 
other structural part of the package which 
could be used to lift the package must be 
capable of being rendered inoperable for 
lifting the package during transport or 
must be designed with strength equivalent 
to that required for lifting attachments. 

(c) The external surface, as far as practicable, 
will be free from protruding features and 
will be easily decontaminated. 

lesimer to do and 
;hiDper to ensure. 

Desimer to do and 
shimer to ensure. 

Designer to do and 
shiDoer to ensure. 

his packaging is not designed 
>r liquids. 

l i s  drum packaging is of 
tandard commercial design and 
a n  be handled with 
:ommercially available, or 
Ippropriate, drum handling 
:quipment. The drum package 
:an be secured in the conveyance 
)y standard blockinghracingltie- 
lown methods 

The packaging (drum) is not 
:quipped with lifting 
sttachments. The drum is to be 
iandledllified using standard 
industrial, or appropriate, drum 
handling methods. 

The external surfaces are 
galvanized carbon steel which 
can be decontaminated. The 
drum closure ring system is 
removable to accommodate 
decontamination 

_. 

1 

12 
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(e) Each feature that is added to the package 
will not reduce the safety of the package. 

[fl The package will be capable of 
withstanding the effects of any 
acceleration, vibration or vibration 
resonance that may arise under normal 
conditions of transport without any 
deterioration in the effectiveness of the 
closing devices on the various receptacles 
or in the integrity of the package as a 
whole and without loosening or 
unintentionally releasing the nuts, bolts, or 
other securing devices even after repeated 
use (see Secs. 173.24, 173.24a, and 
173.24b). 

(h) The materials of construction of the 
packaging and any components or 
structure will be physically and chemically 
compatible with each other and with the 
package contents. The behavior of the 
packaging and the package contents under 
irradiation will be taken into account. 

)esigner to do and 
himer to ensure. 

;hiDDer to ensure. 

lesimer to do, shimer to 
mure. 

Designer to do. shimer to 
Ensure. 

This packaging meets the intent 
if this requirement. The drum 
iesign has clean vertical 
members and a domed lid that 
mhances water run off and 
minimizes water collection. 

[t is a shipper responsibility to 
contact the CTF 
(WSRCITransportation Services) 
if features need to be added to 
the current packaging design. 

Extensive transportation 
experience with 17C drums has 
demonstrated that single bolt 
drum closures are vibration 
resistant. 

The shipper must ensure 
application of quality assurance 
during package closing to ensure 
compliance. 

The packaging components 
(carbon steel drum and lid, 
elastomer gasket, and ring 
closure) are physically and 
chemically compatible with eact 
other. The LEUO contents are 
hrthermore enveloped within a 
plastic liner. All package 
materials shall be chemically 
compatible. Radiation will have 
no adverse effect on the carbon 
steel. The elastomer gasket will 
not degrade due to radiation 
because of the low LEUO dose 
rates (typical -1 m r a d h  vs. 
typical elastomer 1 E3 rad dose 
limit). 

13 



- 
LEU0 55 Gallon Drum IP- 1 Container, FSS-TS-2004-0005,6/07/2004 

(h) All valves through which the package 
contents could escape will be protected 
against unauthorized operation. 

(i) For transport by air 
[this section NA)- 

- NA 

- NA 

This packaging design has no 
valves. 

This packaging is not designed 
for air transport. 

14 



Open Head Drum Tested for Solids Only Application 

PEN HEAD DRUM 

TEP 1 

TEP 2 

TEP 3 

TEP 4 

TEP 5 

TEP 6 

Ensure the gasket is properly fitted in lid groove. (Fig. 1 &2) 

Position lid onto drum curl. (Fig.3) being careful to seat gasket around bead 

Align bolt closure ring onto drum. Ensure the inner channel engages periphery of the 
entire drum cover. (Fig.4) 

Insert bolt through ring unthreaded lug with bored end. Screw bolt into locking nut, then into 
threaded ring lug. (Fig.5) 

Tighten bolt while tapping ring until a gap of 1" is achieved. The 1" gap is an indicator that the ring has been 
properly seated and the remainder of the closing process may be initiated. Toque until a minimum torque 
of 25 ft. Ibs. (as in Fig. 6) is achieved noting that the ring ends should not touch. 

For previously closed drums with ring ends that touch, complete steps 6A & 66 to ensure ring is 
tight and uniformly installed. A. Ensure ring does not rotate on drum by taping end of ring bolt with rubber 
mallet. If ring rotates go to step 6C. B. Inspect rindlid for uniformity. The distance from top of drum lid to 
ring should not vary by more than 1/16". If rindlid is not aligned, go to step 6C. C. Remove ring, cut 
approximately 1/8" from end of ring and go to STEP 3 above to reinstall and tighten ring. 

-Ihrdedlug rLmking nut 

Bolt 

x e  5 

1 Ends should not touch 

Please contact CTF in WSRC Transportation Services with questions regarding this information. 
Revised January 7,2004 by WSRC Transportation Services 
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agency thereof. 

. 
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1.0 INTRODUCTION 

Reference 1 requests that criticality calculations be performed for arrays of UO3-containing 
drums, with varying degrees of internal and interstitial moderation, in order to support a 
Department of Transportation (DOT) exemption for the transport of drums containing Low- 
enriched Uranium Oxide (LEUO). 

The calculations performed herein serve to supplement previous calculations involving the same 
LEUO material, modeled as optimally-moderated spheres reflected by water [9]. The 
calculations contained in Reference 9, in combination with the calculations contained herein, 
address hypothetical accident conditions to which the U03 drums may be subjected. 

2.0 

1. 

2. 

3. 

4. 

5 .  

6 .  

7. 

8. 

9. 
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3.0 INPUT 

Per Reference 1, two different drum arrays are modeled. The first array contains five layers, with 
24 drums in each layer, for a total of 120 drums. Each layer is a 4-5-6-5-4 triangular-pitch array. 
The second array is a 5 by 5 by 5 square-pitch array, for a total of 125 drums. For all arrays, at 
least 12” of water reflection is present on all sides. 

Per Reference 1, each drum contains 750 lb of UO3, at an enrichment of 1.084 wt% 235U, with 3 
to 24 wt% water. The fissile solution in each drum is modeled as a cylinder filling the internal 
radius of the drum. In the drums in the top two layers of the arrays, the fissile solution cylinders 
are modeled at the bottoms of the drums. In the drums in the bottom two layers of the arrays, the 
fissile solution cylinders are modeled at the tops of the drums. In the drums in the middle layer 
of the arrays, the fissile solution cylinders are modeled in the middle of the drums. 

Each drum is modeled with an internal diameter of 55.88 cm, and an internal height of 83.82 cm 
[2]. The walls, tops, and bottoms of the drums are modeled as 16 gauge carbon steel (0.15 19 cm 
thick) [l-21. 

4.0 ANALYTICAL METHODS AND COMPUTATIONS 

4.1 Nuclear Criticality Safety Codes 

In performing the criticality calculations in this report, the MCNP 4C code is used [3]. MCNP is 
a general purpose Monte Carlo radiation transport code that numerically simulates neutral and 
charged particle transport histories, using continuous energy cross-section libraries and general 
three-dimensional geometry. The MCNP code was developed, and is maintained, by the Los 
Alamos National Laboratory (LANL). 

4.2 MCNP Code Bias, Statistical Uncertainty, and Acceptance Criteria 

Results documented in this report are obtained from the MCNP 4C code, which is under 
configuration control on the Washington Safety Management Solutions Linux workstation 
cluster [4]. To account for the statistical uncertainty in the MCNP calculations, the calculated 
kEFF is adjusted as follows [5]: 

MCNP adjusted k, = k, +- 20, 

where OS is the statistical uncertainty (standard deviation) calculated by the MCNP code. The 
standard deviation is multiplied by a factor of two to achieve the 95.4% confidence level, 
assuming a normal distribution. 
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Parameter 

Fissile Material 

Enrichment 
Moderator 

Reflector 

Geometry 

Neutron Spectrum 

For nuclear criticality limits derivations, the adjusted k E F F  values are compared to the ksAFE 
reactivity limit. The ksAFE acceptance criterion is defiqed as [ 5 ] :  

Ref. 6 Present System 

LO2 rods, i i02Fz .  ur~?!: n:lrais 
solutions, and UF4- 

polytetrafluoroethylene cubes 
2 - 30 wt?h ='U 

water 75 to 1400 water (WZ3'U): -90 to 900 
polyethylene (W='U): 8 to 64 
steel, lead, water, paraffin, or 

none 

cylinders, and cubes 
intermediate to thermal 

UOj 

1.084 wt?h '"U 

water 

thin rod lattices, spheres, cylinders 

intermediate to thermal 

where GB is the MCNP code bias (which includes the bias uncertainty) for a particular fuel, and 
GM and GA are margins ensuring sub-criticality. The first margin, OM, is the Minimum Subcritical 
Margin (MSM). It is an arbitrary margin used to ensure sub-criticality against system 
uncertainties. The second margin, GA, is the Area of Applicability (AOA) margin. It is used if it 
is necessary to account for any extensions to the benchmark area of applicability for the analyzed 
fissile system. 

Reference 6 provides a bias and bias uncertainty analysis for LEU compounds, resulting in GB = 

0.022. Key parameters of this analysis and the analyses performed herein are presented in Table 
1. 

Table 1: Area of Applicability 

From Table 1, the key parameters defining the analyses documented herein are all within the 
AOA of the Reference 6 analyses, with the exception of enrichment and fissile material. In terms 
of enrichment, the validation AOA covers a range of 2 to 30 wt%. Based on the guidance of 
Reference 5, the lower end of this range may be extended to 0.5 wt'Yo, which bounds the 1.084 
wt% modeled herein. Therefore, no AOA margin is required for this parameter. 

In terms of the fissile material, the Reference 6 analyses model a wide variety of LEU 
compounds including UO2, while the analyses herein model UO3. Since MCNP does not model 
a specific chemical formula (but rather the individual nuclei), the inclusion of U02 in the 
Reference 6 analyses is judged to adequately represent the UO3 modeled herein. Therefore, no 
AOA margin is required for this parameter. 
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- 

Given the simplicity of the calculations performed herein, as well as the conservative fissile 
density and water content, an MSM of 0.03 is judged to be adequate. Using this MSM with the 
bias discussed above results in a ksGE of 0.948. 

4.3 Material Cards and Cross-section Libraries 

In performing the calculations presented herein, the ENDFB-VI default cross-sections supplied 
with MCNP 4C are used exclusively, with the exception that thermal neutron scattering S(a,p) 
cross-sections are based on ENDFB-V. 

The fissile solutions in these analyses are modeled as mixtures of U03 and water, at varying 
W235U ratios. In calculating specific mixtures, the maximum theoretical density of uo3 (7.29 
g/cm3 [l]) is employed, and the mass density of water is assumed to be 1.0 g/cm3. The isotopic 
composition of the uranium is assumed to be 1.084 wt% 235U and 98.916 wt% 238U. Thermal 
scattering from hydrogen in these mixtures is modeled with the 300 K light water S(a,P) table 
(Iwtr.0 1 t). 

Carbon steel is modeled using the data provided in References 7 and 8. The mass density of the 
steel is assumed to be 7.82 g/cm3 [8]. 

Light water is modeled assuming a mass density of 1 .O g/cm3. Thermal scattering from hydrogen 
is modeled with the 300 K light water S(u,p) uble  (lv,~r.O 1 t). 

5.0 RESULTS 

5.1 Triangular-pitch Arrays 

In this section, triangular-pitch arrays are modeled, as described in Section 3.0. Seven different 
water contents are modeled for the drums: 3, 6, 12, 15, 18, 21, and 24 wt% water. For each 
water content, at least six cases are executed. The first three cases model the drum array at 
surface-to-surface ( S / S )  separations of 0, 2, and 4 cm, with no interstitial water modeled. The 
second three cases model the most reactive spacing determined from the first three casesa, with 
10, 20, and 100 wt% interstitial water. Additional cases are executed as deemed necessary. A 
representative model is depicted in Figures 1 and 2, and the results are presented in Tables 2 
through 8. Note that the “Problem ##” column in the tables refers to the task description in 
Reference 1. 

It is expected that the most reactive spacing will always be when the drums are touching, since increasing the 
spacing of an array without interstitial moderation can only increase neutron leakage. 
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Figure 1: Triangular-pitch Array Top View (12 wt% water, 2 cm S/S, no interstitial H20) 

Figure 2: Triangular-pitch Array Side View (12 wt% water, 2 cm S/S, no interstitial H20) 
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Table 2: Triangular-pitch Array, 3 wt% Water in Drums (p = 6.1328 g/cm3) 

[ Problem# Case I Interstitial I SIS ~ E F F  QS 1 

Table 3: Triangular-pitch Array, 6 wt% Water in Drums (p = 5.2926 g/cm3) 

Problem # Case Interstitial ~ E F F  QS 

Density 

Table 4: Triangular-pitch Array, 12 wt% Water in Drums (p = 4.1543 g/cm3) 
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Problem # Case Interstitial 
Water 
Density 

31 an103 1 0% 
32 an1032 0% 
33 an1033 0% 

Table 5: Triangular-pitch Array, 15 wt% Water in Drums (p = 3.7510 g/cm3) 
- 

SJS ~ E F F  GS 
(em) 

0 0.91 50 0.0005 
2 0.906 1 0.0005 
4 0.8986 0.0005 

35 1 an1035 I 10% 0 I 0.9136 I 0.0005 

Table 6: Triangular-pitch Array, 18 wt% Water in Drums (p = 3.4190 g/cm3) 

Problem # Case Interstitial SIS 
Water (em) 
Density 

23 10% 0 I 0.9143 I 0.0005 
24 I ani024 ! ? O O O  ' 0 I c 3759 I Q C O C S  

Table 7: Triangular-pitch Array, 21 wt% Water in Drums (p = 3.1410 g/cm3) 
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Table 8: Triangular-pitch Array, 24 wt% Water in Drums (p = 2.9048 g/cm3) 

5.2 Square-pitch Arrays 

In this section, square-pitch arrays are modeled, as described in Section 3.0. Four cases are 
executed for the most reactive water content calculated in Section 5.1 (18 wt% water). The first 
two cases model the drum array at surface-to-surface (S/S) separations of 0 and 2 cm, with no 
interstitial water modeled. The second two cases model the most reactive spacing determined 
from the first two cases, with 10 and 20 wt% interstitial water. A representative model is 
depicted in Figure 3, and the results are presented in Table 9. 

Figure 3: Square-pitch Array Top View (18 wt% water, 2 cm S/S, no interstitial H2O) 
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Problem # 

Table 9: Square-pitch Array, 18 wt% Water in Drums (p = 3.4190 g/cm3) 

Case Interstitial SIS ~ E F F  CS 

Water (cm) 
Density 

37 
38 
39 
40 

an1037 0% 0 0.9058 0.0005 
an1038 0% 2 0.9014 0.0005 
an1039 10% 0 0.9039 0.0005 
an1040 2ny0 n n nnns 

6.0 CONCLUSIONS 

The triangular-pitch array calculations presented in Section 5.1 demonstrate, for cases with no 
interstitial water, that the reactivity of the modeled arrays decreased when the spacing between 
the drums increased. In addition, for cases with no interstitial water, reactivity was maximized at 
a water content of 18 wt% in the drums = 635). At this water content, interstitial water 
at the modeled densities (10,20, and 100%) decreased the reactivity of the array. 

Therefore, the maximum adjusted k E F F  calculated in Section 5.1 (0.9170) is for an array with the 
drums in physical contact, with no interstitial water, and with a water content of 18 wt% in the 
drums. Since this maximum adjusted k E F F  is below kSAFE, the array configurations modeled in 
Section 5.1 are safely subcritical. 

The square-pitch array calculations presented in Section 5.2 demonstrate that the square-pitch 
array is less reactive than the triangular-pitch array, at a water content of 18 wt%. In addition, for 
a water content of 18 wt%, the results demonstrate that the square-pitch array behaves similarly 
to the triangular-pitch array: increasing the array spacing or adding interstitial water both 
decrease array reactivity. 
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7.0 ATTACHMENTS AND APPENDICES 

Numerous MCNP cases are executed as part of this engineering calculation. However, these 
cases are represented in this attachment by a subset of MCNP models, with all other cases 
requiring only minor modifications of the models in this subset. 

Case an1001 (Problem 1, 3 wt% water, no interstitial water, triangular pitch, S/S = 0 cm) 

Arrays of U03 Drums; Evaluator: 
C 
C 
100 
102 
103 
C 
C 
110 
111 
112 
113 
c 
C 
120 
121 
123 
C 
C 
200 
201 
202 
203 
204 
205 
C 
210 
211 
212 
213 
214 
215 

220 
221 
222 
223 
224 

230 
231 
232 
233 
234 

240 
241 
242 
243 

250 
251 
252 
253 

300 

C 

C 

C 

C 

C 

Drum - Fue l  in Bottom 
1 -6.1328 -100 
0 -100 
2 -7.82 100 

Drum - Fuel in Middle 
1 -6.1328 -100 
0 -100 
0 -100 
2 -7.82 100 

Drum - Fuel in Top 
1 -6.1328 -100 
0 -100 
2 -7.82 100 

Stack of Five Drums 
0 -101 
0 -101 trcl= ( 0  
0 -101 trcl= ( 0  
0 -101 trcl= ( 0  
0 -101 trcl= (0 
0 t200 t201 t202 t203 
Center Row 

S .T . Gouqh 

-110 
1 1 0  

111 -112 
-111 

112 

113 
-113 

0 84.1338) 
0 168.2676) 
0 252.4014) 
0 336.5352) 
U.204 

0 -150 
0 -150 
0 -150 
0 -150 
0 -150 
0 -150 
One Up 
0 -150 
0 -150 
0 -150 
0 -150 
0 -150 
One Down 
0 -150 
0 -150 
0 -150 
0 -150 
0 -150 
Two Up 
0 -150 
0 -150 
0 -150 
0 -150 
Two Down 
0 -150 
0 -150 
0 -150 
0 -150 
Boundaries 
0 t210 X211 X212 X213 C214 t215 

trcl=(-140.4845 0 0) 
trcl=( -84.2907 0 0 )  
trcl=( -28.0969 0 0 )  . 
trcl=( 28.0969 0 0) 
trcl=( 84.2907 0 0) 
trcl=( 140.4845 0 0) 

trcl=(-112.3876 48.6653 0) 
trcl=( -56.1938 48.6653 0) 
trcl=( 0.0000 48.6653 0) 
trcl=( 56.1938 48.6653 0) 
trcl=( 112.3876 48.6653 0) 

trcl=(-112.3876 -48.6653 0) 
trcl=( -56.1938 -48.6653 0) 
t r c l = (  0,0000 -48.6653 0) 
trcl=( 56.1938 -48.6653 0) 
trcl=( 112.3876 -48.6653 0) 

trcl=(-84.2907 97.3305 0) 
trcl=(-28.0969 97.3305 0)  
trcl=( 28.0969 97.3305 0) 
trcl=( 84.2907 97.3305 0 )  

trcl=(-84.2907 -97.3305 0 )  

trcl=( 28.0969 -97.3305 0 )  
trcl=(-28.0969 -97.3305 0) 

trcl=( 84.2907 -97.3305 0 )  

u=l imp:n=l 
u=l imp:n=l 
u=l imp:n=l 

u=2 imp:n=l 
u=2 imp:n=l 
u=2 imp:n=l 
u=2 imp:n=l 

~ = 3  imp:n=l 
u=3 imp:n=l 
u=3 imp:n=l 

r11i=3 n=.? iT,;:n=: 
i ~ l i = 3  u=.l i m p : n = i  
:111=2 u=4 imp:n=l 
iill=l u=4 imp:n=l 
?ill=l u=4 imp:n=l 

u=4 imp:n=l 

fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fi11=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 

fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 

fi11=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 

fil.1-4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 

fill-4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 

.. 

t220 Y221 t222 t223 X224 
#230 X231 t232 #233 t234 
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301 
302 

303 
999 

100 
101 
110 
111 
112 
113 
150 

200 
201 

300 
301 

C 

C 

C 

ml 

mt 1 

m2 
C 

C 
m3 

mt 3 

X240 X241 X242 X243 
t 2 5 0  X251 X252 X253 

0 -200:-201 
3 -1.0 X301 

0 -300:-301 
0 X303 imp:n=O 

u=5 imp:n=l 
fill=5 u=9 imp:n=l 

u=9 imp:n=l 

fill=9 imp:n=l 

rcc 0 0 0.1519 0 0 83.82 27.94 S inner drum 
rcc 0 0 0 0 0 84.1238 28.0919 S outer drum 
pz 23.4702 S bottom fuel 
pz 30.4027 S middle fuel 
pz 53.7211 $ middle fuel 
pz 60.6536 S top fuel 
rcc 0 0 -0.001 0 0 420.6710 28.0929 
Drum Boundaries 
rhp -28.0969 0 -0.002 0 0 420.6730 0 125.4284 0 

Re f lec tor 

rhp 28.0969 0 -35 0 0 491 0 160.4284 0 

Fissile Solution 

rhp 28.0969 0 -0.002 0 0 420.6730 0 125.4284 0 

rhp -28.0969 0 -35 0 0 491 0 160.4284 0 

1001.60~ -3.35683-03 
92235.60~ -8.75023-03 
92238.60~ -7.98473-01 
8016.60~ -1.89423-01 
lwtr. Olt 
Carbon Steel 
26054.60~ -0.05670 
26056.60~ -0.91405 
26057.60~ -0.02130 
26058.60~ -0.00289 
6000.60~ -0.00500 

Water 
1001.60~ 2.0 
8016.60~ 1.0 
lwtr.0lt 

mode n 
totnu 
kcode 2000 1.0 100 700 
ksrc -28 0 210 28 0 210 
print 128 
prdmp 3j 2 

Case an1008 (Problem 8 ,6  wt% water, no interstitial water, triangular pitch, S/S = 2 cm) 

Arrays of U03 Drums; Evaluator: S.T.Gough 
C 
C Drum - Fuel in Bottom 
100 1 -5.2926 -100 -110 u=l imp:n=l 
102 0 -100 110 u=l imp:n=l 
103 2 -7.82 100 u=l imp:n=l 
C 
C 
110 
111 
112 
113 
C 
C 
120 
121 
123 
C 
C 
200 
201 

Drum - Fuel in Middle 
1 -5.2926 -100 
0 -100 
0 -100 
2 -7.82 100 

Drum - Fuel in Top 
1 -5.2926 -100 
0 -100 
2 -7.82 100 

Stack of Five Drums 
0 -101 
0 -101 trcl= ( 0  

111 -112 
-111 

112 

113 
-113 

u=2 
u=2 
u=2 
u=2 

u=3 
u= 3 
u= 3 

fill=3 u=4 
0 86.1238) fill=3 u=4 

imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 

imp:n=l 
imp:n=l 
imp : n=l 

imp:n=l 
imp:n=l 
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202 
203 
204 
205 
C 
C 
210 
211 
212 
213 
214 
215 

220 
22 1 
222 
223 
224 

230 
231 
232 
233 
234 

240 
241 
242 
243 

250 
251 
252 
253 

300 

C 

C 

C 

C 

C 

301 
302 
303 
999 

100 
101 
110 
111 
112 
113 
150 
C 
200 
201 

300 
301 

C 

C 
ml 

mt 1 

m2 
C 

C 

0 -101 trcl=(O 0 172.2476) fill=2 u=4 imp:n=l 
0 -101 trcl=(O 0 258.3714) fill=l u=4 imp:n=l 
0 -101 trcl=(O 0 344.4952) fill=l u=4 imp:n=l 
0 X200 X201 X202 1203 X204 

Center Row 
0 -150 
0 -150 
0 -150 
0 -150 
0 -150 
0 -150 

0 -150 
0 -150 
0 -150 
0 -150 
0 -150 

0 -150 
0 -150 
0 -150 
0 -150 
0 -150 
Two Up 
0 -150 
0 -150 
0 -150 
0 -150 
Two Down 
0 -150 
0 -150 
0 -150 
0 -150 
Boundaries 
0 1210 

1220 

One Up 

One Down 

trcl=(-145.4595 0 0 )  
trcl=( -87.2757 0 0 )  
trcl=( -29.0919 0 0 )  
trcl=( 29.0919 0 0 )  
trcl=( 87.2757 0 0 )  
trcl=( 145.4595 0 0 )  

trcl=(-116.3676 50.3886 0) 
trcl=( -58.1838 50.3886 0 )  
trcl=( 0.0000 50.3886 0 )  
trcl=( 58.1838 50.3886 0 )  
trcl=( 116.3676 50.3886 0 )  

trcl=(-116.3676 -50.3886 0)  
trcl=( -58.1838 -50.3886 0 )  
trcl=( 0.0000 -50.3886 0 )  

trcl=( 116.3676 -50.3886 0 )  

trcl=( -87.2757 100.7773 0)  

trcl=( 58.1838 -50.3886 0 )  

trcl= 
trcl= 
trcl= 

trcl= 
trcl= 
trcl= 
trcl= 

211 #2 
221 #2 

-29.0919 100.7773 0 )  
29.0919 100.7773 0 )  
87.2757 100.7773 0 )  

-87.2757 -100.7773 0) 
-29.0919 -100.7773 0 )  
29.0919 -100.7773 0 )  
87.2757 -100.7773 0) 

2 + 2 ; 3  #214 ‘4215 
2 1223 1224 

X230 C231 1232 1233 X234 
X240 1241 X242 X243 
X250 X251 1252 X253 

0 -200:-201 
3 -1.0 Y301 
0 -300:-301 
0 130.3 imp:n=O 

u=4 imp:n=l 

fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 

fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 

fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill-4 u=5 imp:n=l 

fills4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 

fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 

u=5 imp:n=l 
fill=5 u=9 imp:n=l 

u=9 imp:n=l 
fill=9 imp:n=l 

rcc 0 0 0.1519 0 0 83.82 27.94 $ inner drum 
rcc 0 0 0 0 0 84.1238 28.0919 $ outer drum 
pz 28.0342 $ bottom fuel 
pz 28.1207 $ middle fuel 
pz 56.0031 $ middle fuel 
pz 56.0896 $ top fuel 

D r u m  Boundaries 
KCC 0 0 -0.001 0 0 428.6210 28.0929 

rhp -29.0919 0 -0.002 0 0 428.6230 0 128.8702 0 
rhp 29.0919 0 -0.002 0 0 428.6230 0 128.8702 0 

rhp -29.0919 0 -35 0 0 499 0 163.8702 0 
rhp 29.0919 0 -35 0 0 499 0 163.8702 0 

Reflect o r  

Fissile Solution 
1001.60~ -6.71373-03 
92235.60~ -8.47963-03 
92238.60~ -7.7377E-01 
8016.60~ -2.1103E-01 
lwtr .Olt 
Carbon Steel 
26054.60~ -0.05670 
26056.60~ -0.91405 
26057.60~ -0.02130 
26058.60~ -0,00289 
6000.60~ -0.00500 

water 
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m3 1001.60~ 2.0  
8016.60~ 1.0 

mt3 lwtr.0lt 
mode n 
totnu 
kcode 2000 1.0 100 700 

print 128 
prdmp 3j 2 

ksrc -28 0 210 28 0 210 

Case an1015 (Problem 15, 12 wt% water, no interstitial water, triangular pitch, S/S = 4 cm) 

Arrays of U03 Drums; Evaluator: S.T.Gough 
C 
C 
100 
102 
103 
C 
C 
110 
111 
112 
113 
C 
C 
120 
121 
123 
C 
C 
200 
2 0 1  
202 
203 
204 
205 
C 
C 
210 
211 
212 
213 
214 
215 

220 
221  
222 
223 
224 
C 
230 
231 
232 
233 
234 

240 
241 
242 
243 

250 
251 
252 
253 

300 

C 

C 

C 

C 

Drum - Fuel in Bottom 
1 -4.1543 -100 -110 
0 -100 110 
2 -7.82 100 

Drum - Fuel in Middle 
1 -4.1543 -100 111 -112 
0 -100 -111 
0 -100 112 
2 -1.82 100 

Drum - Fuel in Top 
1 -4.1543 -100 113 
0 -100 -113 
2 -7.82 100 

Stack of Five Drums 
0 -101 
0 -101 trc:=(G 0 18 .12383  
0 -101 trcl=(O 0 176.2476) 
0 -101 trcl=(O 0 264.3714) 
0 -101 trcl=(O 0 352.4952) 
0 #ZOO #201 X202 X203 X204 

Center Row 
0 -150 trcl=(-150.4595 0 0 )  
0 -150 trcl=( -90.2757 0 0 )  
0 
0 
0 
0 
One 
0 
0 
0 
0 
0 

-150 
-150 
-150 
-150 

-150 
-150 
-150 
-150 
-150 

UP 

trcl= 
trcl= 
trcl= 
trcl= 

trcl= 
trcl= 
trcl= 
trcl= 
trcl- 

-30.0919 0 0 )  
30.0919 0 0) 
90.2757 0 0 )  
150.4595 0 0 )  

u=l imp:n=l 
u=l imp:n=l 
u=l imp:n=l 

u=2 imp:n=l 
u=2 imp:n=l 
u=2 imp:n=l 
u=2 imp:n=l 

u=3 imp:n=l 
u=3 imp:n=l 
u=3 imp:n=l 

fill=? i m ? : r . = l  
fill=; ;=; i x ~ : n = l  
fill=2 :=4 imp:n=l 
fill=l u=4 imp:n=l 
fill=l u=4 imp:n=l 

u=4 imp:n=l 

fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 

-120.3676 52.1207 0 )  fill=4 u=5 imp:n=l 
-60.1838 52.1207 0 )  fill=4 u=5 imp:n=l 
0.0000 52.1207 0) fill14 u=5 imp:n=l 
60.1838 52.1207 0 )  fill=4 u=5 imp:n=l 
120.3676 52.1207 0) fill-4 u=5 imp:n=l 

One Down 
0 -150 trcl=(-120.3676 -52.1207 0) fill=4 u=5 imp:n=l 
0 -150 trcl=( -60.1838 -52.1207 0 )  fill=4 u=5 imp:n=l 
0 -150 trcl=( 0.0000 -52.1207 0) fill=4 u=5 imp:n=l 
0 -150 trcl=( 60.1838 -52.1207 0) fill=4 u=5 imp:n=l 
0 -150 trcl=( 120.3676 -52.1207 0 )  fill=4 u=5 imp:n=l 
Two Up 
0 -150 trcl=( -90.2757 104.2414 0 )  fill=4 u=5 imp:n=l 
0 -150 trcl=( -30.0919 104.2414 0) fill=4 u=5 imp:n=l 
0 -150 trcl=( 30 
0 -150 trcl=( 90 
Two Down 
0 -150 trcl= ( -90 
0 -150 trcl=( -30 
0 -150 trcl=( 30 
0 -150 trcl=( 90 
Boundaries 
0 1210 1211 #212 X2 

0919 104 
2757 104 

2157 -104 
0919 -104 
0919 -104 
2757 -104 

3 1214 1 2  

2414 0)  fill=4 u=5 imp:n=l 
2414 0) fill=4 u=5 imp:n=l 

2414 0 )  fill=4 u=5 imp:n=l 
2414 0) fill=4 u=5 imp:n=l 
2414 0) fill=4 u=5 imp:n=l 
2414 0) fill=4 u=5 imp:n=l 

5 
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301 
302 
303 
999 

100 
101 
110 
111 
112 
113 
150 

200 
201 

300 
301 

C 

C 

C 
ml 

mt 1 

m2 
C 

C 
m3 

mt3 
mode 

1220 1221 11222 1223 1224 
1230 1231 1232 1233 1234 
1240 1241 1242 1243 
1250 t251 1252 #253 

u=5 imp:n=l 
0 -200: -201 fill=5 u=9 imp:n=l 
3 -1.0 1301 u=9 imp:n=l 
0 -300:-301 fill=9 imp:n=l 
0 1303 imp:n=O 

rcc 0 0 0.1519 0 0 83.82 27.94 $ inner drum 
rcc 0 0 0 0 0 84.1238 28.0919 $ outer drum 
pz 38.0958 $ bottom fuel 
pz 23.0900 $ middle fuel 
pz 61.0338 $ middle fuel 
pz 46.0280 $ top fuel 
rcc 0 0 -0.001 0 0 436.6210 28.0929 
Drum Boundaries 
rhp -30.0919 0 -0.002 0 0 436.6230 0 132.3343 0 
rhp 30.0919 0 -0.002 0 0 436.6230 0 132.3343 0 
Ref 1 ec t o r 
rhp -30.0919 0 -35 0 0 507 0 167.3343 0 
rhp 30.0919 0 -35 0 0 507 0 167.3343 0 

Fissile Solution 
1001.60~ -1.3427E-02 
92235.60~ -7.93843-03 
92238.60~ -7.2438E-01 
8016.60~ -2.54253-01 
lwtr. Olt 
Carbon Steel 
26054.60~ -0,05670 
26056.60~ -0.91405 
26057.60~ -0.02130 
26058.60~ -0.00289 
6000.60~ -0.005L?O 

Water 
1001. 
8016 
lwtr 
n 

totnu 
kcode 2000 
ksrc -30 0 
print 128 
prdmp 31 

60c 2.0 
60c 1.0 
Olt 

.O 100 700 
218 30 0 218 

Case an1022 (Problem 22, 18 wt% water, 100% interstitial water, triangular pitch, S/S = 0 cm) 

Arrays of U03 Drums; Evaluator: S.T.Gough 
C 
C 
100 
102 
103 
C 
C 
110 
111 
112 
113 
C 
C 
120 
121 
123 
C 
C 
200 

Drum - Fuel in Bottom 
1 -3.4190 -100 -110 
0 -100 110 
2 -7.82 100 

Drum - Fuel in Middle 
1 -3.4190 -100 111 -112 
0 -100 -111 
0 -100 112 
2 -7.82 100 

Drum - Fuel in Top 
1 -3.4190 -100 113 
0 -100 -113 
2 -7.82 100 

Stack of Five Drums 
0 -101 

u=l imp:n=l 
u=l imp:n=l 
u=l imp:n=l 

u=2 imp:n=l 
u=2 imp:n=l 
u=2 imp:n=l 
u=2 imp:n=l 

u=3 imp:n=l 
u=3 imp:n=l 
u=3 imp:n=l 

fill=3 u=4 imp:n=l 
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201 
202 
203 
204 
205 
C 
210 
211 
212 
213 
214 
215 
C 
220 
221 
222 
223 
224 

230 
231 
232 
233 
234 
C 
240 
241 
242 
243 
C 
250 
251 
252 
253 

300 

C 

C 

301 
302 
303 
999 

100 
101 
110 
111 
112 
113 
150 

200 
201 

300 
301 

C 

C 

C 
ml 

mt 1 
C 
m2 

C 

0 -101 
0 -101 
0 -101 
0 -101 
3 -1.0 X200 
Center Row 
0 -150 
0 -150 
0 -150 
0 -150 
0 -150 
0 -150 

0 -150 
0 -150 
0 -150 
0 -150 
0 -150 

One Up 

trcl=(O 0 84.1338) fill=3 u=4 imp:n=l 
trcl=(O 0 168.2676) fill=2 u=4 imp:n=l 
trcl=(O 0 252.4014) fill=l u=4 imp:n=l 
trcl=(O 0 336.5352) fill=l u=4 imp:n=l 

X201 X202 X203 X204 u=4 imp:n=l 

trcl=;-140.4845 0 0 )  fill=4 u-5 imp:n=l 
trcl=( -84.2907 0 0) fill=4 u=5 imp:n=l 
trcl=( -28.0969 0 0 )  fill=4 u=5 imp:n=l 
trcl=( 28.0969 0 0 )  fill=4 u=5 imp:n=l 
trcl=( 84.2907 0 0 )  fill=4 u=5 imp:n=l 
trcl=( 140.4845 0 0 )  fill=4 u=5 imp:n=l 

trcl=(-112.3876 48.6653 0) fill=4 u=5 imp:n=l 
trcl=( -56.1938 48.6653 0 )  fill=4 u=5 imp:n=l 
trcl=( 0.0000 48.6653 0) fill=4 u=5 imp:n=l 
trcl=( 56.1938 48.6653 0 )  fill=4 u=5 imp:n=l 
trcl=( 112.3876 48.6653 0 )  fill=4 u=5 imp:n=l 

One Down 
0 -150 trcl= 
0 -150 trcl= 
0 -1 50 trcl= 
0 -150 trcl= 
0 -150 trcl= 
Two Up 
0 -150 trcl= 
0 -150 trcl= 
0 -150 trcl= 

Two D o w n  
0 -1 50 trcl= 
0 - 150 t rcl= 
0 -150 trcl= 
0 -1 50 trcl= 
Boundaries 
3 -1.0 #210 X2 

#220 X221 # 2  

0 -150 trcl= 

-112.3876 -48.6653 0 )  
-56.1938 -48.6653 0) 
0.0000 -48.6653 0 )  
56.1938 -48.6653 0) 
112.3876 -48.6653 0 )  

-84.2907 97.3305 0 )  
-28.0969 97.3305 0 )  
28.0969 97.3305 0 )  
84.2907 97.3305 0 )  

-84.2907 -97.3305 0 )  
-28.0969 -97.3305 0 )  
28.0969 -97.3305 0 )  
84.2907 -97.3305 0 )  

1 # 2 1 2  # 2 1 3  #2:4 # 2 ? 5  
2 # 2 2 3  #223 

fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 

fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 

fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 

(1230 X231 X232 t233 #234 
X240 X241 X242 X243 
X250 X251 X252 X253 

u=5 imp:n=l 
0 -200:-201 fill=5 u=9 imp:n=l 
3 -1.0 X301 u=9 imp:n=l 
0 -300:-301 fill=9 imp:n=l 
0 X303 imp:n=O 

rcc 0 0 0.1519 0 0 83.82 27.94 $ inner drum 
rcc 0 0 0 0 0 84.1238 28.0919 $ outer drum 
pz 49.6298 $ bottom fuel 
pz 17.3230 $ middle fuel 
pz 66.8008 $ middle fuel 
pz 34.4940 $ top fuel 

Drum Boundaries 
KCC 0 0 -0.001 0 0 420.6710 28.0929 

rhp -28.0969 0 -0.002 0 0 420.6730 0 125.4284 0 
rhp 28.0969 0 -0.002 0 0 420.6730 0 125.4284 0 

rhp -28.0969 0 -35 0 0 491 0 160.4284 0 
rhp 28.0969 0 -35 0 0 491 0 160.4284 0 

Reflector 

Fissile Solution 
1001.60~ -2.01413-02 
92235.60~ -7.39713-03 
92238.60~ -6.74993-01 
8016.60~ -2.9747E-01 
lwtr.0lt 
Carbon Steel 
26054.60~ -0.05670 
26056.60~ -0.91405 
26057.60~ -0.02130 
26058.60~ -0.00289 
6000.60~ -0.00500 

Water 



N-CLC-F-00695 
Rev. 0 

Page 19 of 23 

m3 1001.60~ 2.0 
8016.60~ 1.0 

mt3 lwtr.0lt 
mode n 
totnu 
kcode 2000 1.0 100 700 

print 128 
prdmp 3 j  2 

ksrc -28 0 210 28 0 210 

Case an11 I I  (21 wt% water, no interstitial water, triangular pitch, S/S = 0 cm) 

Arrays of U03 Drums; Evaluator: S.T.Gough 
C 
C 
100 
102 
103 
C 
C 
110 
111 
112 
113 
C 
C 
120 
121 
123 
C 
C 
200 
201 
202 
203 
204 
205 
C 
210 
211 
212 
213 
214 
215 

220 
221 
222 
223 
224 

230 
231 
232 
233 
234 
C 
240 
241 
242 
243 
C 
250 
251 
252 
253 

300 

C 

C 

C 

Drum - Fuel in Bottom 
1 -3.1410 -100 -110 
0 -100 110 
2 -7.82 100 

Drum - Fuel in Middle 
1 -3.1410 -100 111 -112 
0 -100 -111 
0 -100 112 
2 -7.82 100 

Drum - Fuel in Top 
1 -3.1410 -100 113 
0 -100 -113 
2 -7.82 100 

Stack of Five Drums 
0 -101 
0 -101 trcl=(O 0 84.1338) 
0 -101 trcl=(O 0 168.2676) 
0 -101 trcl=(O 0 252.4014) 
0 -101 trcl=(O 0 336.5352) 
0 X200 #201 X202 X203 #204 
Center Row 
0 -150 
0 -150 
0 -150 
0 -150 
0 -150 
0 -150 

0 -150 
0 -150 
0 -150 
0 -150 
0 -150 

0 -150 
0 -150 

One Up 

One Down 

trcl=(-140.4845 0 01 
trcl=( -84.2907 0 0 )  
trcl=( -28.0969 0 0) 
trcl=( 28.0969 0 0) 
trcl=( 84.2907 0 0 )  
trcl=( 140.4845 0 0 )  

trcl=(-112.3876 48.6653 0 )  
trcl=( -56.1938 48.6653 0 )  
trcl= ( 0.0000 48.6653 0 )  
trcl=( 56.1938 48.6653 0 )  
trcl=( 112.3876 48.6653 0 )  

trcl=(-112.3876 -48.6653 0)  
trcl=( -56.1938 -48.6653 0 )  

0 -150 trcl= 
0 -150 trcl= 
0 -150 trcl= 
Two Up 
0 -150 trcl= 
0 -150 trcl= 
0 -150 trcl= 
0 -150 trcl= 
Two Down 

0.0000 -48.6653 0) 
56.1938 -48.6653 0 )  
112.3876 -48.6653 01 

-84.2907 97.3305 0 )  
-28.0969 97.3305 0 )  
28.0969 97.3305 3 )  
84.2907 97.3305 0) 

0 -150 trcl=(-84.2907 -97.3305 0 )  
0 -150 trcl=(-28.0969 -97.3305 0 )  
0 -150 trcl=( 28.0969 -97.3305 0 )  
0 -150 trcl=( 84.2907 -97.3305 0 )  
Boundaries 
0 #210 X211 #212 X213 X214 X215 

X220 t221 X222 #223 X224 

u= 1 
u= 1 
u= 1 

u=2 
u=2 
u=2 
u=2 

u=3 
u= 3 
u= 3 

f i l l = 3  L=< 
f 1 l l = 3  u=4 
fill=2 u=4 
fill=l u=4 
fill=l u=4 

imp:n=l 
imp : n=l 
imp:n=l 

imp:n=l 
imp:n=l 
imp : n=l 
imp : n=l 

imp:n=l 
imp:n=l 
imp : n=l 

i r n z : n = l  
i n p  : n= 1 
imp:n=l 
imp:n=l 
imp:n=l 

u=4 imp:n=l 

fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 

fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 

fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 

fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 

fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
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301 
302 

303 
999 

100 
101 
110 
111 
112 
113 
150 

200 
201 

300 
301 

C 

C 

C 
ml 

mt 1 

m2 
C 

C 
rn3 

mt 3 
mode 

X230 X231 t232 X233 t234 
X240 X241 X242 X243 
C250 X251 X252 #253 

0 -200:-201 
3 -1.0 X301 

0 -300:-301 
0 t303 imp:n=O 

u=5 imp:n=l 
fill=5 u=9 imp:n=l 

u=9 imp:n=l 

fill=9 imp:n=l 

rcc 0 0 0.1519 0 0 83.82 27.94 $ inner drum 
rCC 0 0 0 0 0 84.1238 28.0919 $ outer drum 
pz 56.0537 $ bottom fuel 
pz 14.1110 $ middle fuel 
pz 70.0128 $ middle fuel 
pz 28.0701 $ top fuel 
rcc 0 0 -0.001 0 0 420.6710 28.0929 
Drum Boundaries 
rhp -28.0969 0 -0.002 0 0 420.6730 0 125.4284 0 
rhp 28.0969 0 -0.002 0 0 420.6730 0 125.4284 0 
Reflector 
rhp -28.0969 0 -35 0 0 491 0 160.4284 0 

Fissile Solution 

rhp 28.0969 0 -35 0 0 491 0 160.4284 0 

1001.60~ -2.3498E-02 
92235.60~ -7.12653-03 
92238.60~ -6.5030E-01 
8016.60~ -3.19083-01 
1wtr.Olt 
Carbon Steel 
26054.60~ -0.05670 
26056.60~ -0.91405 
26057.60~ -0.02130 
26058.60~ -0.00289 
6000.60~ -0.00500 

Water 
1001.60~ 2.0 
8016.60~ 1.0 
lwtr. Olt 

n 
totnu 
kcode 2000 1.0 100 700 
ksrc -28 0 210 28 0 210 
print 128 
prdmp 3j 2 

Case an1029 (Problem 29,24 wt% water, 10% interstitial water, triangular pitch, S/S = 0 cm) 

Arrays of U03 Drums; Evaluator: S.T.Gough 
C 
C 
100 
102 
103 
C 
C 
110 
111 
112 
113 
C 
C 
120 
121 
123 
C 
C 
200 

Drum - Fuel in Bottom 
1 -2.9048 -100 
0 -100 
2 -7.82 100 

Drum - Fuel in Middle 
1 -2.9048 -100 
0 -100 
0 -100 
2 -7.82 100 

Drum - Fuel in Top 
1 -2.9048 -100 
0 -100 
2 -7.82 100 

Stack of Five Drums 
0 -101 

-110 
110 

111 -112 
-111 

112 

113 
-113 

fill=3 

u= 1 
u= 1 
u= 1 

u=2 
u=2 
u=2 
u=2 

u= 3 
u=3 
u=3 

u=4 

imp:n=l 
imp:n=l 
imp : n=l 

imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 

imp:n=l 
imp:n=l 
imp:n=l 

imp:n=l 
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201 
202 
203 
204 
205 
C 
210 
211 
212 
213 
214 
215 

220 
221 
222 
223 
224 

230 
231 
232 
233 
234 
C 
240 
241 
242 
243 

250 
251 
252 
253 

300 

C 

C 

C 

C 

301 
302 
303 
999 

100 
101 
110 
111 
112 
113 
150 

200 
201 

300 
301 

C 

C 

C 
ml 

mt 1 

m2 
C 

C 

0 -101 
0 -101 
0 -101 
0 -101 
3 -0.1 X200 
Center Row 
0 -150 
0 -150 
0 -150 
0 -150 
0 -150 
0 -150 

0 -150 
0 -150 
0 -150 
0 -150 
0 -150 

0 -150 
0 -150 
0 -150 
0 -150 
0 -150 

0 -150 
0 -150 
0 -150 
0 -150 

0 -150 
0 -150 
0 -150 
0 -150 

One Up 

One Down 

Two Up 

Two Down 

Boundaries 
3 -0. 

0 
3 -1. 
0 
0 

trcl=(O 0 84.1338) 
trcl=(O 0 168.2676) 
trcl=(O 0 252.4014) 
trcl=(O 0 336.5352) 

Y201 X202 X203 1204 

trcl=(-140.4845 0 0 )  
trcl=( -84.2907 0 0 )  
trcl=( -28.0969 0 0 )  
trcl=( 28.0969 0 0 )  
trcl=( 84.2907 0 0 )  
trcl=( 140.4845 0 0 )  

trcl= 
trcl= 
trcl= 
trcl= 
trcl= 

trcl= 
trcl= 
trcl= 
trcl= 
trcl= 

trcl- 
trcl= 
trcl= 
trcl= 

trcl= 
trcl= 
trcl- 
trcl= 

fills3 u=4 imp:n=l 
fills2 u=4 imp:n=l 
fills1 u=4 imp:n=l 
fills1 u=4 imp:n=l 

u=4 imp:n=l 

fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 

-112.3876 48.6653 0 )  
-56.1938 48.6653 0 )  
0.0000 48.6653 0 )  
56.1938 48.6653 0 )  
112.3876 48.6653 0 )  

-112.3876 -48.6653 0 )  
-56.1938 -48.6653 0 )  
0.0000 -48.6653 0 )  
56.1938 -48.6653 0 )  
112.3876 -48.6653 0 )  

-84.2907 97.3305 0 )  
-28.0969 97.3305 0 )  
28.0969 97.3305 0 )  
84.2907 97.3305 0 )  

-84.2907 -97.3305 0 )  
-28.0969 -97.3305 0 )  
28.0969 -97.3305 0 )  
84.2907 -97.3305 0 )  

fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 

fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 

fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 

fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 
fill=4 u=5 imp:n=l 

1 t210 t211 
t220 c221 t222 
X230 X231 X232 
X240 1241 X242 
X250 Y251 X252 

-200:-201 

-300: -301 
. O  X301 

X303 imp:n=O 

#212 X213 #214 #215 
t223 ii224 
X233 X234 
X243 
t253 

u=5 imp:n=l 
fill=5 u=9 imp:n=l 

u=9 imp:n=l 
fill=9 imp:n=l 

rcc 0 0 0.1519 0 0 83.82 27.94 $ inner drum 
rcc 0 0 0 0 0 84.1238 28.0919 $ outer drum 
pz 62.9849 $ bottom fuel 
pz 10.6454 $ middle fuel 
pz 73.4784 $ middle fuel 
pz 21.1389 $ top fuel 
rcc 0 0 -0.001 0 0 420.6710 28.0929 
Drum Boundaries 
rhp -28.0969 0 -0.002 0 0 420.6730 0 125.4284 0 
rhp 28.0969 0 -0.002 0 0 420.6730 0 125.4284 0 
Re f lec tor 
rhp -28.0969 0 -35 0 0 491 0 160.4284 0 
rhp 28.0969 0 -35 0 0 491 0 160.4284 0 

Fissile Solution 
1001.60~ -2.68553-02 
92235.60~ -6.8559E-03 
92238.60~ -6.2560E-01 
8016.60~ -3.4069E-01 
lwtr.0lt 
Carbon Steel 
26054.60~ -0.05670 
26056.60~ -0.91405 
26057.60~ -0.02130 
26058.60~ -0.00289 
6000.60~ -0.00500 

Water 



N-CLC-F-00695 
Rev. 0 

Page 22 of 23 

m3 

mt3 
mode 
totnu 
kcode 
ksrc 
print 
prdmp 

1001.60~ 2.0 
8016.60~ 1.0 
lwtr. Olt 
n 

2000 1.0 100 700 
-28 0 210 28 0 210 
128 
3j 2 

Case an1037 (Problem 37, 18 wt% water, no interstitial water, square pitch, S / S  = 0 cm) 

Arrays of U03 Drums; Evaluator: S.T.Gough 
C 
C 
100 
102 
103 
C 
C 
110 
111 
112 
113 
C 
C 
120 
12 1 
123 
C 

C 
200 
201 
202 
203 
204 
205 
C 
210 
211 
212 
213 
214 

220 
221 
222 
223 
224 

230 
231 
232 
233 
234 

C 

C 

C 

240 
241 
242 
243 
244 

250 
251 
252 
253 
254 

C 

C 

Drum - Fuel in Bottom 
1 -3.4190 -100 -110 
0 -100 110 
2 -7.82 100 

Drum - Fuel in Middle 
1 -3.4190 -100 111 -112 
0 -100 -111 
0 -100 112 
2 -7.82 100 

Drum - Fuel in Top 
1 -3.4190 -100 113 
0 -100 -113 
2 -7.82 100 

u=l imp:n=l 
u=l  imp:n=l 
u=l imp:n=l 

u-2 imp:n=l 
u=2 imp:n=l 
u=2 imp:n=l 
u=2 imp:n=l 

u=3 imp:n=l 
u=3 imp:n=l 
u=3 imp:n=l 

Stack of Five Drums 
0 -101 fiil=3 u=4 imp:n=l 
0 -101 trcl=(O 0 84.1338) fill=3 u=4 imp:n=l 
0 -101 trcl=(O 0 168.2676) fill=2 u=4 imp:n=l 
0 -101 trcl=(O 0 252.4014) fill=l u=4 imp:n=l 
0 -101 trcl=(O 0 336.5352) fill=l u=4 imp:n=l 
0 X200 #201 #202 #203 X204 u=4 imp:n=l 
Center Row 
0 -150 trcl=(-112.3876 0 0 )  fill=4 u=5 imp:n=l 
0 -150 trcl=( -56.1938 0 0 )  fill=4 u=5 imp:n=l 
0 -150 trcl=( 0.0000 0 0 )  fill=4 u=5 imp:n=l 
0 -150 trcl=( 56.1938 0 0 )  fill=4 u=5 imp:n=l 
0 -150 trcl=( 112.3876 0 0 )  fill=4 u=5 imp:n=l 
One Up 
0 -150 trcl=(-112.3876 56.1938 0) fill=4 u=5 imp:n=l 
0 -150 trcl=( -56.1938 56.1938 0) fill=4 u=5 imp:n=l 
0 -150 trcl=( 0.0000 56.1938 0) fill=4 u=5 imp:n=l 
0 -150 trcl=( 56.1938 56.1938 0 )  fill=4 u=5 imp:n=l 
0 -150 trcl=( 112.3876 56.1938 0 )  fill=4 u=5 imp:n==l 
One Down 
0 -150 trcl=(-112.3876 -56.1938 0 )  fill=4 u=5 imp:n=l 
0 -150 trcl=( -56.1938 -56.1938 0) fill=4 u=5 imp:n=l 
0 -150 trcl=( 0.0000 -56.1938 0) fill-4 u-5 imp:n=l 
0 -150 trcl=( 56.1938 -56.1938 0 )  fill=4 u=5 imp:n=l 
0 -150 trcl=( 112.3876 -56.1938 0) fill=4 u=5 imp:n=l 
Two Up 

0 -150 
0 -150 
0 -150 
0 -150 
0 -150 

0 -150 
0 -150 
0 -150 
0 -150 
0 -150 

Two Down 

Boundaries 

trcl= (-112.3876 
trcl=( -56.1938 
trcl- ( 0.0000 
trcl= ( 56.1938 
trcl= ( 112.3876 

trcl=(-112.3876 
trcl=( -56.1938 
trcl= ( 0.0000 
trcl= ( 56.1938 
trcl=( 112.3876 

112.3876 0 )  
112.3876 0 )  
112.3876 01 
112.3876 0 )  
112.3876 0)  

-112.3876 0 )  
-112.3876 0 )  
-112.3876 0 )  
-112.3876 0 )  
-112.3876 0 )  

fill14 
fills4 
fill=4 
fills4 
fill=4 

fill=4 
fills4 
fills4 
fills4 
fills4 

u=5 imp:n=l 
u=5 imp:n=l 
u=5 imp:n=l 
u=5 imp:n=l 
u=5 imp:n=l 

u=5 imp:n=l 
u=5 imp:n=l 
u=5 imp:n=l 
u=5 imp:n=l 
u=5 imp:n=l 



300 

301 
302 
303 
999 

100 
1 0 1  
110 
111 
112 
113 
150 

200 

300 

C 

C 

C 
ml 

mt 1 

m2 
C 

C 
m3 

mt 3 
mode 

0 

0 
3 -1 
0 
0 

1210 1 2 1 1  1212 1213 1214 
Y220 1 2 2 1  1222 t 2 2 3  1224 
C230 1 2 3 1  1232 C233 1234 
1240 1 2 4 1  1242 1243 1244 
Y250 1 2 5 1  1252 X253 1254 

-200 
0 Y301 

-300 
X303 imp:n=O 

u=5 imp:n=l 
fill=5 u=9 imp:n=l 

u=9 imp:n=l 
fill=9 imp:n=l 

rcc 0 0 0.1519 0 0 83.82 27.94 $ inner drum 
rcc 0 0 0 0 0 84.1238 28.0919 $ outer drum 
pz 49.6298 $ bottom fuel 
pz 17.3230 $ middle fuel 
pz 66.8008 $ middle fuel 
pz 34.4940 $ top fuel 
rCC 0 0 -0.001 0 0 420.6610 28.0929 
D r u m  Boundaries 

R e f  lector 
rpp -140.4805 140.4805 -140.4805 140.4805 -0.002 420.6630 

rpp -176 176 -176 176 -35 456 

Fissile Solution 
1 0 0 1 . 6 0 ~  -2.0141E-02 

9 2 2 3 5 . 6 0 ~  -7.39713-03 
9 2 2 3 8 . 6 0 ~  -6.74993-01 

8 0 1 6 . 6 0 ~  -2.97473-01 
lwtr. Olt 

Carbon Steel 
2 6 0 5 4 . 6 0 ~  -0.05670 
2 6 0 5 6 . 6 0 ~  -0.91405 
2 6 0 5 7 . 6 0 ~  -0.02130 
2 6 0 5 8 . 6 0 ~  -0.00289 

6 0 0 0 . 6 0 ~  -0.00500 
Water 

1 0 0 1 . 6 0 ~  2.0 
8 0 1 6 . 6 0 ~  1.0 
lwtr.0lt 

n 
totnu 
kcode 2000 1.0 100 700 
ksrc 0 0 210 
print 128 
prdmp 3 j  2 
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